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The thesis consists of four chapters• Chapter I is 
a theoretical part and include/a critical review of chemi-
stry of flavonoids and flavonidal glycosides, it highlights 
in brief^ the recent advances in the analytical techniques 
applied to their isolation and structures elucidation. 
Chapter II, III and IVth deals with the isolation and 
characterisation of phenolic constituents from the leaves/ 
flowers of the following plants : 
1. Garcinia nervosa (Guttifereae) 
2. Ficus krishnae (Moraceae) 
3. Cassia nodosa (Leguminosae) 
Mainly the spectroscopic techniques, UV, IR, H-NMR, 
13 
C-NMR, HmC and Mass have been used in the identification 
and structure elucidation of the products obtained from the 
above plants. 
il 
1, Constituents from the leaves of Garclnla nervosa : 
The powdered leaves were extracted successively 
with light petroleum ether, benzene, chloroform and ethyl-
acetate. TLC examination of concentrates showed the presence 
of same compounds. The above three concentrates were there-
fore mixed together. Repeated column chromatography over 
silica gel followed by fractional crystallisation afforded 
the following eight TLC homogeneous substances. The struc-
tures of these compounds were established by spectral and 
chemical studies of the parent compounds and their derivatives 
as follows s 
GN-1 : Dimethyl terphthalate 
GN-2 : ^-Sitosterol 
GN-3 : Stigmasterol 
GN-4 : Friedelin 
GN-5 : Nervosin ^5,7,4'-trihydroxy-2*,3',6'-trimethoxyiso-
flavone) (NEW). 
GN-6 : 7-Methyltectorigenin C5,4'-dihydroxy-6,7-dimethoxy 
isoflavone). 
GN-7 : Irigenin (5,7,3'-trihydroxy-6,4',5•-trimethoxyiso-
f lavone) . 
i i i 
GN-8 : 3-[4--Methoxyphenyl]--2-hydroxy-6,7-dimethoxy-[3', 
6 ' -b-furanej-benzoylfuran (nervosinone) (NEW). 
Constituents of Ficus krlshnae : 
Coarsely powdered leaves were exhaustively extracted 
with alcohol. The alcoholic concentrate was successively 
extracted with petrol and benzene. TLC examination of the 
petrol and benzene concentrates showed the presence of the 
same compounds in the two extracts with varying concentra-
tion and thus, were mixed together. The combined material 
on repeated column chromatography over silica gel followed 
by fractional crystallisations afforded the following three 
TLC homogeneous compounds : 
FK-1 : n-Alkane i^oA'^St series) 
FK-2 : p-Sitosterol 
FK-3 : Atlantoflavone [8,8-dimethyl 5-hydroxy-2-(4'-hydroxy-
phenyl)-4H,8H-benzo(l,2b:3,4b')dipyran-4-one]. 
Flavonoidsfrom the flowers of Cassia nodosa : 
The dried and powdered flowers were thoroughly extrac-
ted with petroelum ether, benzene and methanol successively. 
The methanol concentrate after preliminary pyrification, was 
iv 
sub j ec t ed t o p r e p a r a t i v e t h i n l a y e r chromatography ( s i l i c a 
g e l ) us ing e t h y l a c e t a t e ; e t h y l methyl k e t o n e : a c e t i c aciol :water 
( 5 : 3 : 1 : 1 ) as s o l v e n t system. Fol lowing seven compounds were 
I s o l a t e d and c h a r a c t e r i s e d , as fo l lows ; 
CN-1 : Querce t in 
CN-2 : Kaempferol-3-O-rhamnoside 
CN-3 : Dihydrokaempferol-3-O-rhamnoside 
CN-4 : Querce t in-3-O-rhamnoside 
CN-5 : 2 ' ' -Hydroxygenis te in-6-C-a- rhamnosyl (1—>2) 
g lucopyranos ide (NEW) 
CN-6 : 8 - C - g l u c o s y l g e n i s t e i n 
CN-7 : Dalpanitin (8-C-p-D-glucopyranosyl-3*-methoxy-
4',5,7-trihydroxyisoflavone). 
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Plants not only provided man with food and fabric but 
also cured him from several diseases. Medication by herbs was 
the sole way against a lot of diseases. The early medicines 
of Pharaons (3,OCX) B.C.), the Greek (400 B.C., Hippocratics), 
the Roman (37 B.C., Disoscorides) as well as those of middle 
ages examplified by the Arab Physicians (Avicenna 980 - 1037, 
Rhazes 865-925) relyed mainly pn plants for therapy. In recent 
days attention is re-directed towards the drug plants for less 
side-effect troubles. Every year a very large number of natu-
ral products are screened for their chemical therapeutic, bio-
logical and industrial potentials. 
The flavonoids, one of the most numerous and wide spread 
group of the natural products are important to man not only be-
cause they contribute to plant colours but also because many 
members (e.g. coumestrol, phloridzin, rotenone) are physiolo-
gically active. They are universally distributed among vascu-
lar plants and found practically in all parts of plants. Gabor 
has reviewed trends in research on the pharmacodynamic effects 
of flavonoids, mostly rutin and its derivatives. With the ex-
tensive screening programmes of plant products for anticancer 
drugs , it is not surprising that claims have been made that 
flavonoids may contribute to or be effective in combating cer-
7 
tain type of cancer . Numerous other physiological and biolo-
8—22 gical activities have been attributed to them 
In addition to their medicinal activity, natural products 
have attracted attention of taxonomists for phytogenetic stu-
dies also. Flavonoids and terpenoids have been used as taxo-
nomic markers in several cases. Since 1962, most plant surve-
yors in taxonomically groups have included flavonoid studies 
and indeed these pigments now occupy a pre-eminent position as 
the most favoured of all plant constituents as taxonomic 
23 
markers 
A recent survey of literature shows that the flavonoid 
field is still very popular with the chemists and their inte-
rest is increasing in isolating new flavonoids . A large 
number of naturally occurring new and novel flavonoids are 
added to the literature every year. 
In the present study, we have tried to carry out syste-
matic chemical investigations of important indigenous medicinal 
plants with a view to characterise their chemical components 
preferably flavonoids, which could be starting point for rese-
archers who are mainly concerned with pharmacological and cli-
nical aspects of these herbal drugs. 
Since mainly the spectroscopic techniques, UV, IR, NMR, 
13 
C-NMR and Mass have been used in the identification and stru-
cture elucidation of the products isolated from different 
plants, during the course of this work, a short review of each 
technique has been briefly discussed in the theoretical part of 
this thesis. 
CHAPTER I 
INFRA-RED SPECTROSCX)PY : 
The application of IR spectroscopy has been over 
shadowed in recent years by NAJR spectroscopy as many of 
the structural features brought out by IR spectrum are 
1 13 
more clearly discernible in the H and C spectra. 
Inspite of this the IR spectrum, in practice, plays on 
important role and offers the first clue to the nature of 
the compound. Thus in flavonoids IR measurements are help-
ful in providing evidence for the presence of (a) pyrone 
ring ih) chelated hydroxyl groups and (c) the gem dimethyl 
grouping of C-5 substitutions if present. The substitution 
pattern of the benzene ring can hardly be inferred from 
bands in the 690-800 cm~ region. Such evidence is help-
ful in distinguishing between flavonoids and coumarlns but 
otherwise offers little information of structural value. 
IR spectroscopy has mostly been used to adduce corroborative 
evidence. The -C=0 region of the IR spectra of flavones 
shows a number of bands the most prominent of which is 
usually assigned to -C=0 stretching. This region has also 
36 been the subject of detailed studies by Murray and McCabe 
in related systems such as chromones. 
Attempts to correlates carbonyl absorption frequencies 
with the substitution fpatterns have been made by various 
37—39 
workers and have found the existence of both intra-
molecular and intermolecular hydrogen bonding in hydroxyl 
flavones. In contrast to the behaviour of flavones and 
ortho hydroxy acetophenones intramolecular hydrogen bonding 
was, however, found to have little effect on carbonyl fre-
quencies of flavones and 5-hydroxy flavones and further 
more methylation of the 5-hydroxyl did not lead to any 
appreciable hypsochromic shift. 
Another interesting features of the IR spectra of 
flavones is that the carbonyl frequency is independent of 
the substitution pattern in ring A and B and is effected 
only by the introduction of a hydroxyl at 3-position. 
39 Looker and Hanneman attributed this to the predominant 
contribution of mesomeric structures I, 11, III, 
( I I ) 
The existence of chelation is, however, clearly 
demonstrated by the absence of the hydroxyl bands at the 
usual position in 5-hydroxy compounds. Apparently it 
comes to lie in the -OH stretching region and is thus 
obliterated. 
ULTRA-VIOLET 
The ultra-violet spectra of different flavonoids 
are very characteristic, coupled with diagnostic colour 
reactions have been used extensively to distinguish the 
various groups of this class of compounds. A number of 
reviews on the ultra-violet absorption spectroscopy of 
40 41 
flavonoids have appeared * , and on the basis of compa-
rison of the absorption of a large number of flavones and 
isoflavones in neutral and basic media, the effect of sub-
stitution at various positions has.been determined. 
The UV spectra of flavones show two regions of maximum 
absorption which have been definitely correlated to the 
existence of benzoyl and cinnamoyl chromophoric systems (l) 
and(II) with the contributions also from structures (III) and 
(IV). The benzoyl chromophore is responsible for maxima in 
the region 240-270 nm (band II) whereas the cinnamoyl chro-
mophore absorbs at 320-350 nm (band I), In Isoflavones only 
the benzoyl chromophore is present and consequently the 
high wave length absorption is either totally absent or 
present only as an inflection. Substitution in ring B 
specially at 4' stabilises the cinnamoyl chromophore result-
ing in a bathochromic shift of band I where as substitution 
in ring A has similar effect on the position of band II, 
This makes it difficult to distinguish between flavanones 
and isoflavanones. The localisation of positive charge at 
7-position in the benzoyl chromophore has the effect of 
making this hydroxyl group more acidic than hydroxyls at 
( I ) 
( III ) ( IV ) 
other positions and consequently its ionisation is brought 
about even by a week base, such as sodium acetate, resulting 
in a bathochromic shift of 8-10 nm. Though this provides a 
sufficient indication of the presence of hydroxyl groups at 
42 the 7-position, it has been found that lucidin , acerosin 
and scaposin, all having the 7-OH, did not respond to this 
test. A free hydroxyl at C-5 differs in its reactivity 
considerably from those at other positions in the flavone 
molecule and can be identified by the bathochromic shift 
produced on addition of AlCl^ and orange to red colouration 
in presence of HJBO^/kcJO, Though no longer as promient as 
before, such techniques are still useful and sometimes help 
in locating the substituents. 
8 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY t 
The foregoing discussion of the IR and UV spectra of 
flavonoids illustrates the usefulness of these two techniques 
in determining the structure of unknown flavonoids. It is 
clear that although much useful informations regarding the 
oxygenation pattern of a flavonoid can be obtained in this 
way, it falls short of providing complete and unambiguous 
evidence for or against a presumed structure. Thus the 
infrared spectrum does not go beyond distinguishing between 
the Y-pyrone system of flavonoids and the a-pyrone system of 
coumarins besides indicating the presence of a chelated 
5-hydroxyl. The UV spectrum is much more informative and 
distinguishes clearly between flavones, isoflavones and 
coumarins. 
The application of NltR spectroscopy has proved to be 
most powerful tool in the structure determination of fla-
vonoids. By the use of NMR studies of silyl derivatives^'^ 
double irradiation techniques'^ solvent induced shift 
over-studies ~ , Lanthanide induced shift"^ *^, nuclear 
hauser effect (NOE; and HMQc'®"*^ -^  and ^^C-NMR spectro-
scopy, one can come to structure of flavonoids occurring 
even in minor quantities without tedious and time consuming 
chemical degradation and synthesis. 
The most detailed and systematic studies of the NMR 
52 53 
spectra of flavonolds are due to Mabry ' , Batterham 
and Hlghet^**, Clark-Lewis^^, Massicot^^, Kawano'*^ '^'^  and 
57—59 Peiter and Rahman , These studies have simplified the 
task of determining the substitution pattern of flavonolds 
with the help of NAtfl spectroscopy. An obvious advantage of 
this technique In Its application to flavanones is that 
they can be readily distinguished not only from flavones 
and Isoflavones but also from the Isomeric chalcones which 
in view of the extreme case of the isomerisation process, 
is often not possible with other methods. 
The most commonly occurring hydroxylation pattern in 
natural flavonolds is 4*,5,7-trihydroxy (I) system. The 
chemical shifts of the protons of ring A and B prove to be 
independent of each other but are affected by the nature 
of ring (C). 
( I ) 
10 
The two A ring protons of flavonoids with 5,7-hydroxy-
lation pattern give rise to two doublets (J = 2.5 Hz) 
between d 6.0 to d 6,7. There are,however,small but predic-
table variation in the chemical shifts of the C-6 and C-8 
proton signals depending on the 5- and 7-substituents. In 
flavanones the 6,8-protons give a single peak near d 5.95, 
with the addition of a 3-hydroxy group (flavananols) the 
chemical shift of these protons are slightly altered and the 
pattern changes to very strongly coupled pair of doublets. 
The presence of double bond in ring C of flavones and fla-
vanols causes a marked downfield shift of these peaks again 
producing the two doublets patte^ rn out of 6- and 8-protons, 
the latter appears downfield. 
Ring B : 
All B ring protons appear around d 6.7 - 7,7, a region 
separate from the usual A-ring protons. The signals from 
the aromatic protons of a substituted B-ring in a flavanone 
appear as a broad peak centred at about d 7.45. The pre-
sence of C-ring double bond causes a shift of 2',6'-protons 
and the spectrum shows two broad peaks one centred at d 8.00 
11 
(2',6') and other at d 7.6 (3',4*,5*)^. 
With the introduction of 4*-hydroxyl group the 
B-ring protons appear effectively as a four peaks pattern, 
this is called k^^ pattern. Introduction of one more 
substituent to ring B gives the normal ABC pattern, the 
hydroxy1 group increases the shielding on the adjacent 
3',5'-protons and their peak moves substantially upfield. 
Ring C : 
Considerable variations are generally found for the 
chemical shifts of C-ring protons among the several fla-
vonoid classes. For example, the C-3 proton in flavones 
gives a sharp singlet near d 6.3, the C-2 proton of iso-
flavones is normally observed at about d 7.7, while the C-2 
proton in tlavanones is split by C-3 protons into a doublet 
of aoublet (Jj^ g^ = 5 Hz, J+rans ~ ^^ ^^^ ^^^ occurs near 
d 5.2, The two C-3 protons occur as two quartets 
(JH^ __2jj = 17 Hz) near d 2.8. However, they often appear 
as two doublets since two signals of each quartet are of 
low intensity. The C-2 proton in dihydroflavanols appears 
near d 4,9 as a doublet (J = 11 Hz) coupled to the C-3 
proton which comes at about d 4.2 as doublet . 
12 
Flavonoid Monosaccharides (Sugar Protons) i 
The chemical shift of the C-1'* proton of a sugar 
directly attached to the flavonoid hydroxyl group depends 
both on the nature of the flavonoid and on the position 
and stereochemistry of attachment to it. The sugar's C-1 
proton (H-l'*) signal is generally found well downfield 
from the bulk of the sugar protons signals, and the exact 
chemical shift can give some information regarding the site 
of glycosylation, and on occassions, the nature of the 
sugar. For example, the H-1 signal in spectra of flava-
nol-3-O-glucosides at d 5.7 - 6.0 ppm is well distinguished 
from those in flavonoid-7,5- and 4»-0-glucosides which 
occur in the region d 4.8 - 5.2 ppm (as also do the H-l" 
signals in 6- and 8-C-glycosides). Further, the 3-0~gluco-
sides of flavanols are clearly distinguishable from the 
3-0-rhamnosides, the spectra of which show the H-l*' signal 
at d 5.0 - 5.1 ppm^^. 
Glucose commonly forms a p-linkage in flavonoid 
glycosides and the C-1" proton of the linked sugar has a 
diaxial coupling with the C-2" proton. Thus the C-1" 
proton usually appears as a doublet with a coupling constant 
of about 7 Hz, due to the restricted rotation of sugar 
moiety with respect to the flavonoid nucleus. In flavonoid 
13 
7-0-glucoside, however, the glycosyl C-1*• proton does not 
appear as a sharp doublet but instead gives a complex multi-
plet owing to more free rotation of sugar moiety with respect 
to flavonoid nucleus . In the naturally occurring a-linked 
rhamnosides, the diequatorial coupling between H-l*' and H-2'' 
gives rise to a coupling constant of only 2 Hz . Rhamnosides 
are characterised by the signal for the rhamnose C-methyl 
Which appears as a doublet (J « 6.5Hz) or multiplet in the 
region d 0.8 - 1,2 ppm. 
Flavonoid Disaccharides t 
The C-1 proton of terminal sugar (H-1'"), being rela-
tively distant from the influence of the flavonoid nuclues, 
resonates upfield from H-1*'. The extent, however, can vary 
depending upon the position of attachment of the terminal 
sugar. This fact has been used to distinguish rutinosides 
(H-l** at d 4,2 - 4.4 ppm, J = 2Hz) from neohesperiodosides 
(H-1"' at d 4.9 - 5.0 ppm, J « 2Hz) in 3- and 7-0-glycosylated 
64 / 
flavonoids „ The position of the C-methyl resonance (rutino-
sides, 0.7 - 1.0 ppm, neohesperiodosides, 1.1 - 1.3 ppm) may 
65 
also be used to distinguish these glycosides. Methylated 
and acetylated ~ derivatives have also been used for disa-
ccharide linkage determinations. 
14 
Acetyl and Methoxvl Protons t 
In the NMR spectra of acetylated flavonoids (CDCl^) 
the position of methyl of acetyl group can also give a 
useful information about position of acetyl group by which 
the position of a hydroxy group can be confirmed. The 
methyl signals of 4'- and 7-0-acetyl groups appear in the 
range of d 2.30 - 2.35 ppm. While the methyl signal of a 
5-0-acetyl group appears at about d 2.45 ppm. The aliphatic 
acetoxyl signals of sugars generally appear in the range of 
d 1.65 - 2.10 ppm. The position of the aliphatic acetoxyl 
groups of sugar also help in the location of sugar moiety 
65 in C-glycosylflavonoids . Within . the aliphatic acetoxyl 
group signals, the 2**'-O-acetyl signal appears at 
d 1.70 - 1.75 ppm in 8-C-glycosyIflavonoids and at d 1.80 -
1.83 ppm in 6~C~glycosylflavonoids and 6**-0-acetyl in 
8-C-glycosyl flavonoid appears at d 1.90 ~ 1.95 ppm and in 
6-C-glycosyIflavonoids it appears between d 1.98 - 2.04 ppm. 
Methoxyl proton signals ' ' ° with a few exceptions 
appear in the range of d 3.5 - 4.1 ppm. 
15 
•^ C^ NMR SPECTROSCOPY t 
13 
C NMR Spectroscopy has been used In natural product 
chemistry in variety of ways at various stages of the structure 
13 determination. C NMR spectral data furnishes key information 
such as the number of cartoon atoms and establishes if they are 
primary, secondary, tertiary, aromatic, olefinic or part of 
functional groups. 
13 AR^77 
The C NMR spectra of flavonoids and their glycosides 
are of some interest in the context of compounds isolated 
during the course of this work. The spectra can be analysed by 
72 73 
reference to those of simple compounds such as acetophenones * 
73 
and cinnamic acid which possess structural features charac-
teristic of flavonoids. 
It is worthwhile to see how introduction of oxygen at 
various positions of these effects the chemical shifts. In 
hydroxy acetophenone (II) the nuclear carbon linked directly 
to oxygen of hydroxyl group gives rise to a singlet at 161.5 
ppm and the two adjacent carbons to the two singlets at 118.0 
ppm. The carbon para to the carbonyl is the most deshielded 
and its singlet appears at 135.5 ppm. In 2,6-dihydroxy aceto-
phenone (III) the carbons bonded directly to oxygen give rise to 
singlets at 161.4 ppm and the two adjacent carbons produce sing-
lets at 106.4 ppm. The meta carbon which is para to the acetyl 
16 
group Is deshlelded and Its singlet appears at 134*0 ppm. 
128.10 
131.3 ^i:^ ^^ \jl28.10 
136.6^24,6 128.10 
128.10 
( I ; 
195.7 
118.3 
129.7 
118.9 25.40 
204.1 
( II ) 
106.5 94.5 
( III ) ( IV ) 
Thus chemical shifts correlate to those for protons on 
these carbons, the protons 9rt)io and para to hydroxyls being 
shielded more than the ones at meta positions and protons para 
and ortho to carbonyl being the ones most exposed to the deshi-
elding influence of the carbonyl group. In 2,4,6-trihydroxy 
acetophenone (IV ) the oxygenated nuclear carbons show singlets 
at 165.10 ppm while in dihydroxy acetophenone it is 161.4 ppm. 
This slight deshielding of 3.60 ppm can be attributed to the 
: 17 
hydroxy at meta position i.e. the 4-hydroxy in (IV). The 
unsubstituted carbons 3 and 5 are shielded due to enhanced 
mesomeric effect and their singlets appear at 94.5 ppm. 
These effects can be assumed to be general and are relied upon 
in making assignments in flavonoid spectra. The other struc-
13 tural unit of flavonoids is akin to cinnamic acid and the C 
chemical shifts of cinnamic acid derivatives are therefore, of 
interest. The chemical shifts of the parent compound, mono, 
di, trisubstituted cinnamic acids are indicated in the struc-
tures (V, VI, VII). 
128.5 129.0 
130.8 
128.5 
131.70 117.26 
1 2 6 . 7 / 7 ^ 
146.68 
170.65^^115 .'9^ 31 • 7 
0 
OH 160.33 
117.26 
( VI ) 
112.28 pMe 149.11 
146.9 
127.39 
170.6^><116.7 
0 
170 
107.0 
126.30/ ' 
147.23 ^^ 
( VII ) ( VIII ) 
18 
The 3,4 type of substitution is the one most conunonly 
encountered in flavones and chemical shifts of carbon 3 and 
4 of 3-methoxy, 4-hydroxy cinnamic acid (VI) 149.11 and 149,7b 
ppm respectively are substantially different from those of 
carbons under oxygen in acetophenone. This makes it possible 
to distinguish between oxygenated ring A and ring B carbons of 
flavones. The carbons ortho and para to phenolic hydroxyls 
are shielded compared to unsubstituted benzene and appear at 
112.28 and 116,89 ppm, the cinnamic acid double bond causing 
a further shift of C-2 resonance. Carbon-1 ajdacent to the 
olefinic double bond of cinnamic acid, is almost at the same 
value as in substituted benzene but different in unsubstituted 
benzene. The a-carbon appears at 117,5 ppm and the p-carbon 
at 147.1 ppm. In trisubstituted benzene (VIII), the carbons 
under oxygen are further shielded and in 3,5-dimethoxy, 4-hydro-
xy cinnamic acid appear at 149.17, 138.79 ppm respectively. 
The carbon under hydroxyl is shielded to a greater extent 
because of resonance contribution from the flanking methoxyl 
groups. The same type of resonance effect is responsible for 
the shielding of 2 and 6 carbons. 
The chemical shifts of flavones, substituted flavones 
73 
and isoflavones are reproduced in the Table. 
Chemical shift (in ppm downfield from T.M.S.) 
Carbon 
number 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1* 
2' 
3' 
4' 
5' 
6' 
Flavone 
163.2 
107.6 
178.4 
125.2 
125.2 
133.7 
118,1 
156.3 
124.0 
131.8 
126.3 
129,0 
131.6 
129.0 
126.3 
7-methoxy 
flavone 
162.6 
107.2 
177.4 
126.7 
114.1 
163.7 
100.2 
157.7 
117.6 
131.6 
125.8 
128.7 
131.1 
-
— 
5-hydroxy 
flavone 
164.07 
105.61 
182.90 
155.85 
107.22 
135.61 
110.83 
159.82 
110.13 
130.54 
126.39 
128.91 
131.97 
128.91 
126.39 
5,7,3',4'-
tetrahydroxy 
fl^vpne 
165.07 
103.94 
182.63 
158.24 
94.9 
164.34 
99.91 
161.56 
104.82 
123.06 
114.38 
145.95 
149.84 
117.05 
120.14 
7-methoxy 
isoflavone 
152.4 
125.1 
175.3 
127.6 
114.6 
163.8 
100.0 
157.7 
118.3 
127.9 
128.2 
128.8 
131.8 
— . 
— 
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MASS SPECTROMETRY : 
Mass spsctrometry has become an Integral part of organic 
chemistry. It finds much of its importance in increasing, not 
replacing, the etfectiveness of other techniques. The link up 
with gas chromatography and the use of computers to analyse 
mass spectral data have added a new dimensions to mass spectro-
metry. Recently mass spectrometry has been successfully emplo-
yed for the structure elucidation of flavonoids and their gly-
cosides and a conclusive structure fragmentation pattern rela-
78—87 
tionship established . Since most of the naturally occurr-
ing flavanoids and glycosides possess at least 5,7,4'-hydroxy-
lation pattern, the present discussion is mainly centred at 
such compounds. 
Flavones 
The principal modes of fragmentation in flavones involve 
(i) fission of the heterocyclic ring via reverse Diels-Alder 
reaction (ii) loss of carbon monoxide from molecular or frag-
ment ion. This is illustrated in scheme (I) for an unsubsti-
87 84 
tuted flavone (I), Apigenin (II) has the parent molecule 
ion as base peak which loses a molecule of carbon monoxide to 
give a major fragment ion ra/z 242 (III). Fragment ions in 
much less abundance correspond to RDA fission in the hetero-
cyclic ring (Scheme-Il). 
( I ) 
M"^  m/z 222(100) 
m/z 194 (52) 
m/z 120(80) m/z 102(12) 
0 = 0 
Vz 92 
SCHEME - I 
OH 0 ( II ) 
m/z 270(100) 
m/z 152 m/z 118 
SCHEME ^11 
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By comparison of the mass spectrum of an unsubstltuted 
flavone with a highly oxygenated flavone (apigenin), it is 
observed that fragmentation via RDA reaction is less favoured 
in the latter. This is due to stabilisation of the initially 
produced ion radical by mesomerism over a number of oxygen 
atoms. These minor break downs may still prove to be of dia-
gnostic value as they frequently represent the only even 
numbered peaks in their particular region and hence are rea-
dily distinguished. 
88—91 In cases of apigenin trimethyl ether (IV) the 
molecular ion appears as the base peak. Further fragmentation 
of the molecular ion via RDA process yields the ketone m/z 180 
(V) and the acetylene m/z 132 (VI) (Route l) and the carbonyl 
ion m/z 135 (VII) ^Route II) Scheme-Ill. 
Flavanones : 
In the case of flavanones (VIII), fragmentation by path 
A (RDA fission of the heterocyclic ring) and path B are of 
great importance as they lead to clear out, characteristic 
84 
spectra . Another method of break down that helps to charac-
terise the flavanone Is the loss of either a hydrogen atom 
3 Y ^ ^ 
1 K I J 
H3C0 0 ( IV ) 
M" ,^ m/z 312(100) 
H3C0 
H3C0 d 
m/z 180 
( V ) 
H3CO 
If 
m/z 132 
( VI ) 
OCH, 
o=c —// \ y 0CH3 
'( VII ) 
m/z 181 
SCHEME - III 
m/z 135 
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It 
(IX) or an aryl radical at C-2 (X) from the molecular ion 
to give even electron fragments. 
( X ) 
22 
These fragmentation processes are illustrated in the 
case of 4'-methoxy flavanone ^XI) (Scheme-IV). 
The fragment with methoxyl group takes nearly all the 
charge. A further peak is at m/z 108 (XIi; arising from a 
hydrogen transfer reaction. 
m/z 108(10) 
( XII ) 
0 
( XI ) 
The presence of a hydroxyl (XIII) or a methoxyl group at 
C-4' position of ring B facilitates, by enhanced resonance 
stabilisation of the resulting fragment ion, the formation of 
^-hydroxyl benzyl (XIV) or p-methoxy benzyl ion respectively 
(or their equivalent tropolium Ions). These ions appear as 
peaks of significant intensity in the mass spectrum of narin-
genin/its trimethyl ether®^'®'*. 
( XIII ) 
HI 
< - > 
m/z 107 
( XIV ) 
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00 
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The mass spectrum of 3,5,7-trihydroxy-4'-methoxy flava-
none (XV) is of particular interest, as the base peak is 
neither the molecular ion nor a fragment arising from break 
down via path A (Scheme-V). 
Flavonoid glycosides : 
Mass spectrometry has been extensively used in the struc-
ture elucidation of flavonoid 0-glycosides as well as flavonoid 
92-100 
C-glycosides . Mass spectroraetric sequencing of oligo-
saccharide derivatives has been much refined to furnish not 
only the sequence of sugars involved but also in many cases the 
position of their interglycoside linkage and even information 
about the stereochemistry at the anomeric centre. The mass 
spectrometric study of glycosides can be done in two groups : 
(i) Mass spectrometry of flavonoid 0-glycosides. 
(ii) Mass spectrometry of flavonoid C-glycosides. 
Flavonoid 0-alvcosides X 
The position of a sugar residue in a flavonoid aglycone 
can be easily recognised from the mass spectrum of permethyl-
ated glycoside . The sugar attached to the position 5 and 
3 splits more readily than those at position 7 and as a result 
the molecular ion peak is of very low intensity or totally 
absent. 
r 
CM 
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+ 0 
g V 
^ i 
CM 0 « 
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On the other hand 7-0-glycosides usually show an intense 
molecular ion peak amounting to 5051^  or higher of the base peak, 
The 4'- and 3-0-glycosides represent an intermediate case, 
having small but distinct molecular ion peak. 
The sequenting of sugars in tlavonoid oligosaccharide 
102 derivatives can be determined by mass spectrometry • The 
principal tragmentation pattern of predeuteriomethylated fla-
vonoid aisaccharlde is illustrated in Scheme (VI). 
Fission of the glycosidic carbon-oxygen bond of the ter-
minal sugar leads to the ion T, which successively losses CDg 
methanol to give T» and T,,. 
DoCO A 0 
•CH. 
CD 
CD3O 
so 
OCD3 
SCHEME - VI 
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Rupture of the ethereal carbon oxygen bond between the 
terminal and second sugar gives rise to the sequence ions. 
Fission of the carbon oxygen bond between the sugar and the 
aglycone is indicated by fragment A, invariably formed by tra-
nsfer of hydrogen and followed by loss of CO, Retention of 
charge on the dissacharide residue after this type of rupture 
leads to the oligosaccharide ion OS. Peaks due to RDA-cleavage 
of the flavonoid aglycone are small or absent as is often 
79 
observed in highly substituted compounds 
Sequence of sugars and position of Interalvcosidic linkage : 
Information about the terminal sugar is obtained from the 
difference (M -S) and from peaks due to ions of the T-series. 
The T~series is more reliable induction since the (M"*"-S) value 
can be charged by H-transfer or, in the case of apiosyl contain-
ing compounds, even more complicated reaction. In compounds 
containing glucose as the second sugar moiety, the OS-Tj^ rather 
than the ^S-A^ difference seems to be the more useful for mass 
identification. 
Differences in hydrogen transfer to some peaks allow pre-
diction of the position of interglycosidic linkage. The seq-
uence peak is formed without hydrogen transfer (flavonols) or 
with single hydrogen transfer (flavone, flavanone^ in the case 
26 
of 1 — > 6 linked f lavonoid disacch'aride derivatives, while 
transfer of two hydrogens takes place in the case of 1 — > 2 
linked compounds. The aglycone and the oligosaccharide frag-
ments A and OS behave similarly. For 1 — > 6 linked deriva-
tives the A + H and OS peaks are prominent, while A + 2H and 
OS + H peaks are observed for 1 — > 2 linked compounds. Fur-
ther ^OS-CD^-Methanol) differentiation as possible by a strong 
^OS-CD^-Methanol) peaks present only in the 1 •> 2 linked 
glycosides, and by the S + 62 ^flavones, flavanone^ or S + 63 
(flavanonols^ peak observed only in 1 — > 6 linked compounds 
in Scheme-VII„ 
CD^O^r-—o 
'^7 CD30 
CD30 0CD3 0CD3 
+ 
0 
CD30 
CH 
/ 
-CH. 
) -0 OR 
(0003) 
CD30\l. / 
OCD, 
SCHEME - VTT S -»• 63 
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Flavpnold C-glvcosides : 
The direct mass spectral analysis of a C-glycosyl fla-
vone ~ , rarely produces an observable molecular ion, the 
base peak is usually the aglycone fragment with only a ^2"*" 
group remaining of the original C-glycosyl moiety. This ion 
is stablished by rearrangement to a tropylium ion. The addi-
tional hydrogen is derived from a sugar hydroxyl group . 
The other fragments come (Pathway-I and II processess) from 
the base peak ion giving the B^"*"* and A,"^  ions. Besides these 
fragments, other fragments corresponding to ion (M-18)"*"*, 
(M-36) * and (M-54) ' are formed by the successive loss of 
water molecules from the molecular ion. 
Mass spectrometry also helpstto distinguish 6- and 8-C-
glucosylflavones as in the case of 6-C-glucosyl flavone 
(M-MS)"^* peak (equivalent to aglycone +CH2''" + H) has 50?^  to 
80?6 of intensity compare to (M-149)"*" peak whereas with 8-C-
glucosyIf lavones (M-148)''"* ion is usually only about 25% of 
the intensity of the CM-149)'*" peak. 
In the case of di~C-glycosides, the base peak corresponds 
to [M-C^HJ^QO^ - C^ HpOp^ ]"*" in (XVI) around with the presence of 
107 
a C-linked rhamnose and glucose in the compound is termed 
A characteristics of the spectra of di-C-glycosides is the 
series of peaks related to the sequential loss of six molecules 
28 
of water from the molecular ion compared with only three 
from mono-u-glycosides. The mass fragmentation of 8-C-glyco-
syl-4*-methoxy apigenin (XVIl) is given in Scheme VIII, 
( XVII ) 
CM (N 
(0 
a 
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w 
to 
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CHAPTER II 
m 
'm. \^^i^\i 

In continuation with work directed towards the isolation 
of flavonoids, and biflavonoids, a number of plants belonging 
to the natural order Quttifereae (Clausiaceae) were screened 
in our laboratory . Guttifereae is a rich source of neolig-
2 3 
nans, flavonoids, xanthones , prenylated xanthones , benzo-
4 5 
phenones and biflavonoids . Extention of the work to Garcinia 
nervosa however^led to the isolation of a product which does 
not fix into any of the well known class of phenolic oxygen 
heterocycles. The isolation of this compound and its probable 
structure as revealed by its spectral features is discussed 
below. 
The plant material used irt this investigation was collec-
ted by a former colleagues from Zaria, Nigeria. It was iden-
tified as Garcinia nervosa by Prof. Wazahat Husain, Deptt. 
of Botany, A.M.U., Aligarh with whom a voucher specimen has 
been deposited. The powdered leaves were extracted with etha-
nol and the residue obtained after complete removal of the 
solvent at reduced pressure was extracted successively with 
light petroleum ether, benzene, chloroform and ethylacetate. 
On TLC examination last three concentrates showed complex mix-
tures of compounds in BPF and TEF, with the same R^ . values. 
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The above three concentrates were therefore mixed together. 
Repeated column chromatography over silica gel followed by-
fractional crystallisation afforded eight crystalline TLC 
homogeneous substances. They were labelled as GN-1 (ICX) mg) 
GN-2 (180 mg), GN-3 (80 mg), GN-4 (llO mg), GN-5 (145 mg), 
GN-6 (160 mg), GN-7 (150 mg) and GN-8 (250 mg). 
GN-1 
It was eluted from the column by petrol and crystallised 
from petrol-benzene as white needles, m.p, 125-26°C. It was 
characterised as dimethyl terphthalate by direct comparison 
with an authentic sample (m.p., m.m.p, co-chromatography). 
GN-2 : 
Elution of the column with petrol tbenzene (7:3) gave 
GN-2 which was c r y s t a l l i s e d from chloroform-methanol, m.p. 
139 C. I t gave p o s i t i v e Liebermann-Burchard t e s t , was iden-
t i f i e d as p - s i t o s t e r o l by d i r ec t comparison of i t s physical 
da ta with those of an authentic sample. 
GN-3 : 
It was obtained from the petrolxbenzene (3:2) eluate 
of the column. It was crystallised from chloroform-methanol 
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as white needles (m.p. 164°C). It gave positive Liebermann-
Burchard test, analysed for C^^H^gO^ GN-3 was identified as 
stigmasterol by comparison (IR, NMR, m.p., m.m.p. and co-TLC) 
with an authentic sample. 
GN-4 : 
Elution of the column with petrolJbenzene (1:1) followed 
by crystallisation from chloroform-methanol gave white shining 
needles (m.p. 263-64°C). It analysed for C ^ Q H ^ O (Mt, m/z 
426) and was characterised as Friedlin by spectral studies. 
The •^ H-NMR (Table-I), IR, Mass spectra of GN-4 were in complete 
TABLE-I 
Assignment No. of protons Signals 
3 0.70 (s) 
3 0.84 (s) 
3 0.85 (s) 
3 0.92 (s) 
6 0.98 (s) 
3 1.02 (s) 
3 1.16 (s) 
22 1.26 
1.36 
1.42 
1.52 
CH2-CH2 and C^-CH 3 2.20 - 2.34 (m) 
s = singlet, m = multiplet, spectrum run in CDCl- at 100 A4Hz, 
TMS as internal standard. 
CH3 
CH3 
CH3 
CH3 
2 X CH3 
CH3 
CH3 
-CH2 protons 
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7-9 
agreement with those of an authentic sample . Infrared 
spectrum showed bands at 2890, 2450, 1725, 1470, 1380 and 
1360 cm" . It formed an oxime, m.p. 292-94°C. 
GN-5 : 
GN-5, m.p. 240°C was obtained from the benzene-chloro-
form (4:1^ fraction of the eluate from the column. It ana-
lysed for C,gH,,0g which was in agreement with the molecular 
ion peak at m/z 360. Active hydrogen determination showed 
the presence of three hydroxyl groups and methoxyl estimation 
the presence of three-0-methyl groups. This was confirmed by 
the formation of a triacetate and hexamethylether. 
A negative Durham test and absence of any colouration 
with Mg/HCl ruled out flavanone or flavone nucleus for GN-5. 
On the other hand treatment with sodium amalgam followed by 
acidification resulted in pink colouration, suggesting an iso-
flavone nucleus . The UV spectrum of the compound showed 
maximum absorption at 262 nm and an inflection at 329 nm. The 
colour reaction, UV spectral studies and a sharp singlet of 
one proton at d 7.86 in H-NMR of GN-5 suggested it to be an 
isoflavone having three methoxyl and three hydroxyl groups. 
The compound gave a dark green colour with ferric chlo-
ride, and presence of a chelated hydroxyl group was further 
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indicated by band at 3300 cm" in its IR spectrum. A batho-
chromic shift of 12 nm was also observed in UV spectrum on 
addition of anhydrous AlCl-j. The presence of chelated 
5-hydroxyl was further confirmed by the signal at d 13,5 in 
the H-NMR spectrum of GN-5. Furthermore, a bathochromic 
shift of 10 nm with NaOAc and "^ H-NMR signal at 10.51 indicated 
12 13 the phenolic hydroxyl at 7 position '' . The methanolic 
solution of the compound was not oxidised by pentaamine cobalt 
trichloride, indicating the absence of adjacent phenolic hydro-
xyl groups. Thus eliminating the possibility of the third 
hydroxyl in the same ring. 
The H-NMR spectrum, Fig.-l (Table-2) showed a sharp 
singlet at d 7.86 indicating the presence of C-2 proton for 
Y-pyrone nucleus. A pair ofmeta-coupled doublets at d 6.62 
(J = 2.5Hz) and 6.66 (J = 2.5Hz) each integrating for one pro-
ton were assigned to C-6 and C-8 protons respectively. The 
C-6 proton was shielded by two ortho-oxygens while the C-8 
proton was shielded by two ortho and one para oxygens. A 
sharp upfield singlet of one proton at d 6.79 coyld be assi-
gned to either C-3« or C-5* proton. The possibility of it 
being at any other position in B-ring was ruled out as the 
hexamethylether of GN-5 (IC) furnished 2,3,4,6-tetramethoxy 
benzoic acid when subjected to oxidative degradation with alka-
14 line H2O2 . The identity of 2,3,4,6-tetramethoxybenzoic acid 
^ t.! 
J 
(JU 
L 
• . J 
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TABLE - 2 
Assignments No. of protons Signals 
H-2 1 7.86 is) 
H-8 1 6.66 (d, J = 2.5Hz) 
H-6 1 6.62 (d, J = 2.5Hz) 
H-5' 1 6.79 (s) 
OCH3-2' 3 3.84 (s) 
OCH3-6' 3 3.85 (s) 
OCH3-3' 3 4.01 is) 
0H-4« 1 9.41 (s) 
OH-7 1 10.51 (s) 
OH-5 1 13.50 (s) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCI3 at 300 MHz, TMS being as internal standard. 
was confiriTied by co-TLC and m.m.p. with an authentic sample. 
Thus the singlet at d 6.79 was assigned to C-5' proton which 
was shielded by two ortho and one para oxygens. The presence 
of three methoxyls were indicated through three singlets at 
d 3.84, 3.85 and 4,01, each integrating for three protons. 
The remaining hydroxyl group exhibited by a signal at d 9.4 
may be placed at C-3' or C-4*. However, the comparison of the 
CrNMR of the parent compound (la) with that of its acetate 
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(lb) (Table-3) ruled out the possibility of -OH group at C-3'. 
The signal of C-4' carbon of the acetate (lb) moved upfield by 
7.7 ppm, while the signal due to C-1', C-3* and C-5' moved 
downfield by 6.1 ppm, 8,8 ppm and 8.1 ppra respectively. The 
upfield shift of C-4' carbon of the acetate and downfield 
shifts of carbons ortho and para to it confirmed the presence 
of the hydroxyl group at C-4'•^ "^ '=" •^ ". The signals due to meta 
carbons namely C-2' and C-6' remained almost unchanged in the 
acetate (lb). This fixed up the position of the -OH group at 
C-4'. 
OMe 
OMe 
( I ) 
(a) R = H (b) R = Ac (c) R = Me 
The •^ '^ C-NMR spectrum (F ig . :^) showed t h e C-2 carbon of t h e 
Y-pyrone a t 153.1 and C-3 a t 127.0 ppm. In f l avones t h e corre-
sponding va lues a re 163.2 and 103.1 ppm. As expec ted , t h e 
va lues for r i n g A and r i n g B carbons a r e about t h e same f o r 
TABLE - 3 
•'•^ C-NMR data of GN-5 
Compounds I Chemical shift 
£2 l b 
Carbon No. 
2 1 5 3 . 1 1 5 3 . 3 
3 1 2 7 . 0 1 2 6 . 5 
4 1 7 7 . 3 1 7 8 . 0 
5 1 5 9 . 2 1 5 1 . 5 
6 1 0 0 . 0 1 1 3 . 4 
7 1 6 2 . 1 1 5 2 . 9 
8 9 4 . 0 1 1 0 . 2 
9 1 5 6 , 6 1 5 1 . 9 
10 1 0 5 . 0 1 1 7 . 5 
1 ' 1 2 2 . 5 1 2 8 . 6 
2* 1 4 6 . 0 1 4 6 . 1 
3* 1 4 8 . 8 1 5 7 . 6 
4* 1 4 8 . 5 140 .8 
5* 1 1 8 . 1 1 2 6 . 2 
6 ' 1 4 8 . 2 1 4 8 . 3 
OCH3 5 5 . 8 5 6 . 1 
5 5 . 7 5 6 . 8 
5 5 . 2 5 5 . 5 
3 X 0=0 168.2 
of OAc 1 6 8 . 5 
169.4 
3 X CH3 2 0 . 6 
of OAc 2 0 . 9 
2 1 . 1 
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flavones and isoflavones and chemical shifts depend upon only 
15b 
on site and degree of oxygenation of rings 
The mass spectrum (Fig. 3, Scheme-l) showed M, at m/z 
360 and M'*'-15, M"'"-30, M"*'-45, corresponding to the successive 
loss of three methyl groups, m/z 345, 330 and 315 respectively. 
The FIDA cleavage was facile and led to the fragments of mass 
m/z 153, 152 and 151 of ring A and m/z 208, 207 and 178 of 
ring B which were indicative of the presence of two hydroxyls 
in ring A and one hydroxyl and three methoxyls in ring B, The 
significant fragment at m/z 329 [M-3\,0Me] supported the pre-
sence of isoflavone with 2'-0Me . The other fragments were 
rationalized from Scheme-l. 
On the basis of above results, the compound GN-5 was 
assigned as 5,7,4*-trihydroxy-2*,3',6'-trimethoxyisoflavone 
(laj named as nervosin which is being reported for the first 
time. 
GN-6 : 
It was eluted from the column by benzenetchloroform C2:1J 
and crystallised from CHClg-MeOH as yellow needles, m.p. 235-
36 C. Elemental analysis agreed with the molecular formula 
Cj^ yHj^ O^^ . The mass spectrum of GN-6 showed the molecular ion 
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peak at m/z 314 in agreement with the molecular formula assi-
gned to it. The isoflavone nucleus of GN-6 was indicated by 
the appearance of a pink colour on treatment With sodium amal-
gam/HCl, further supported by UV absorption at 268 nm and an 
inflection at 334 nm. Micro-Zeisel determination showed the 
presence of two methoxyl groups. Formation of a diacetate and 
a tetramethylether indicated the presence of two hydroxyl 
groups. The methanolic solution of the compound was not oxi-
dised by penta-amine cobalttrichloride indicating the absence 
of adjacent phenolic hydroxyl groups. Its infrared spectrum 
showed the presence of a chelated hydroxyl group at 3450 cm" 
which was further supported by a bathochromic shift of 12 nm 
with AlCl^ in its UV spectrum, 
Methylation of GN-6 with dimethylsulfate yielded a com-
pound, m.p, 181-83°C that showed no difference in m.p. on 
admixing with an authentic sample of tectorigenin trimethyl 
18 
ether . The above observation proved that the compound was 
19 / 
a monomethylether of tectorigenin (7-methyltectorigenin} 
(II). Further confirmation of its identity was furnished by 
spectral evidences. 
In H-NMR spectrum (Fig. 4, Table-4), the isoflavone 
nucleus was evidenced by the presence of a sharp singlet at 
^ 7.81 of C-2 proton. The spectrum clearly showed the 
•H 
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presence of two methoxyl groups through singlets at d 3.92 
and 3.96. The remaining singlet excluding the two in the 
offset region due to phenolic hydroxy]» at ^ 6.65 could be 
assigned to either C-6 or C-8 proton. The methoxyl group 
had been placed at 6-position on the evidence of mass spec-
trum discussed later, thus assigning the singlet at d 6.65 
to C-8 proton. The B-ring protons showed a typical t^>2^2 
system consisting to two ortho coupled doublets at d 7.01 
and d 7.51 each integrating for 2 protons were assigned to 
3*,5' and 2*,6* protons respectively. The remaining hydro-
xyl group was thus placed at C-4' confirmed by the mass 
fragmentation. 
The mass spectrum (Scheme-2, Fig. 5) showed M. at 314 and 
an ion corresponding to the loss of methyl at m/z 299. 
Mt is 100% and M-15 in about bb%. This is extremely signi-
- J — I — i — • — J — « J — I t ' » 
• ! 
i-i 
if) 
•H 
* |iiiiiiiii|iiiiiiiii(i I mniiiiii|iiii« iif I i i i f iiii^i 
M^ m/z 314 (100) •> m/z 283 
l^ 
m/z 181 
-CO 
m/z 153 
HC^C '/ \ 
r 
OH 
SCHEME ~^-
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TABLE - 4 
Assignments No. of protons Signals 
H-2 
H - 2 ' , 
H - 3 ' , 
H-8 
OCH^-
OCH3-
0H-4« 
OH-5 
, 6 ' 
,£)• 
-6 
-7 
1 
1 
2 
2 
1 
6 
1 
1 
7 . 8 1 ( s ) 
7 . 5 1 (d , J = 9Hz) 
7 . 0 1 (d , J = 9Hz) 
6 . 6 5 ( s ) 
3 . 9 2 , 3 . 9 6 ( s e a c h ) 
9 . 4 2 
1 3 . 5 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCl^ at 300 MHz. TMS being as internal standard. 
fleant and provides the justification for putting OMe at C-6 
position. For 8-OMe, 5-OH flavonoids the order is reversed 
and the predominant peak is that resulted from the loss of 
CH^. Fragment ion at m/z 118 suggested the loss of para -OH 
phenylacetylene ion indicating mono-oxygenation pattern in 
B-ring. Ring A (RDA) fragment, expected at m/z 196 was not 
found but a peak observed at m/z 153 might be coming from 196 
by the loss of CH^ to give m/z 181 followed by the loss of CO. 
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GN-7 : 
Benzene:Chloroform (1:2) fraction of the column gave a 
light yellow solid, crystallised from chloroform-methanol, 
m .p. 189 C. Elemental analysis and molecular ion peak at m/z 
360 agreed with the molecular formula C,gH,,0g. It gave a 
dark green colour with FeCl-, and usual colour reactions of 
isoflavone nucleus . The isoflavone nature of the compound 
was further supported by UV absorption at 266 nm and inflec-
tion at 320 nm. 
The IR spectrum of GN-7 showed a carbonyl band at 1665 
cm" , C=C stretching at 1620 cm" and a chelated hydroxyl 
group at 3380 cm" which was further supported by a batho-
chromic shift of 10 nm with AlCl^. Similarly, the presence 
of 7-nydroxy was evidenced by a bathochromic shift of 8 nm 
with sodium acetate in the UV spectra of GN-7. Formation of 
a triacetate established that the compound has three hydroxyl 
groups. 
The NMR spectrum (Fig. 6, Table-5) showed three methoxyls 
through singlets at 3.70, 3.76 and 3.80 ppm. A sharp singlet 
at 8,4 ppm was characteristic of the C-2 proton of isoflavone 
12a 
nucleus 7 A singlet at 6.50 integrating for one proton, 
two meta coupled doublets centred at 6.65 and 6.70 integrating 
•o-i^-8-iiil 
5> 
• ^ 
K 
VQ 
TABLE - 5 
Assignments No. of protons Signals 
H-2 
H-2' 
H-6' 
H-8 
0CH3-4' 
OCH3-5' 
OCH3-6 
5-OH 
7-OH 
3*-OH 
s = s i n g l e t , d = doublet , m = mul t ip l e t , spectrum run in 
CDCI3 at 400 MHz. TMS being as i n t e r n a l standard. 
1 
1 
1 
1 
3 
3 
3 
1 
1 
1 
8.40 (s) 
6.70 (d , 
6.65 (d, 
6.50 (s ) 
3 . 7 0 j s ) 
3.7-6 (s) 
3.80 (s) 
13.0 (s) 
10.01 (s) 
9.25 (s) 
J 
J 
= 2Hz) 
= 2Hz) 
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for one proton each, were assigned to C-8 and C-2' and C-6' 
protons respectively. On the basis of above data, GN-7 was 
identified as irigenin (III)^^. 
( III ) 
The -^ "^ C-NMR spectrum (Fig. 7) of GN-7 agreed with the 
assigned structure (III). The spectrum exhibited signals at 
154.6 and 121.8 ppm for C-2 and C-3 respectively, the charac-
teristic positions of carbons 2 and 3 of isoflavone nucleus. 
Other •'•^ C-NMR chemical shifts are shown in Table-6. 
The mass spectrum (Scheme-3) showed M. at m/z 
360 and significant ion peaks at m/z 345 and 183 (due to A 
ring, with hydrogen transfer) and at 178 due to ring B. The 
mass fragmentation pattern of GN-7 was rationalised on the 
basis of the Scheme-3. 
O or •l*3*i'i"i ~i 
o 
Ti 
H-
(Q 
^ 
T? 
"D 
s 
«^ 
cr> 
O 
O 
O 
o J 
u 
TABLE - 6 
-^ C^-NMR Spectral data of GN-7 
Carbon Number Chemical Shift 
2 154.6 
3 121.8 
4 180.25 
5 153.35 
6 131.43 
7 152.85 
8 93.88 
9 157.48 
10 104.79 
1' 121.75 
2' 110.4 
3' 152.59 
4* 136.48 
5« . 150.22 
6* 104.69 
OCH3 59.80 
55.81 
59.88 
SCHEME ~ 3 
m/z 342 
V _ ^ ^ 
X)CH3 
m/z 178 
"3 
)H 
m/z 183 
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GN-8 : 
The compound GN-8 was isolated from the column by elu-
tion with chloroform. It was crystallised from chloroform. 
It was crystallised from chloroform-methanol as yellow needles 
m.p, 180°C. Elemental analysis agreed with the molecular 
formula C22Hj^ 30y. The mass spectrum (Fig.8^ 9) of GN-8 shows M. 
at m/z 394 but significantly it had peaks due to abundant ions 
at 393 and 392 also, the last one of higher intensity {46%) 
than that due to Mt (42,8/1^ ). Apart from these three and the 
base peak at m/z 134, the only other peaks of comparatively 
higher intensity are at 121 (74.85IS) and 260 (21.1?^). It is 
thus apparant that the molecular ion undergoes fission so as 
to give rise to abundant ions of mass 134 and 260 a.m.u. 
The IR spectrum of GN-8 (Fig. 10) shows a strong band at 
1628 cm" , which taken together with the positive ferric chlo-
ride reaction, points to the existence of a o-hydroxybenzoyl 
moiety in the compound. The presence of extended conjugation 
in GN-8 is revealed by the [N absorption at 235 and 365(sh) nm. 
The H-NMR spectrum shows signals of three OMe groups at d 3.8 
3.86 and 3.94 and also the singlet of a chelated -OH at 13.65 
ppm. Most significant for the structure of GN-8 are the 2H 
doublets at d 6.95 and 7.64. These can only arise from AA* 
and BB* system and hence the compound must have a para substi-
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tuted benzene ring. Since there are in all three methoxyl 
groups, the compound must have two aromatic rings and the AA' 
and BB' pattern is possible only if one ring has the substi-
tution pattern as shown (IV). 
OCH3 
X 
( IV ) 
The spectrum shows a broad 2H singlet at d 7.89 and a IH 
singlet at d 6.38. This makes up a total of 17 protons inclu-
sive of the chelated hydroxyl proton. Since the compound has 
only C, H and O the signal of IH is apparently missing. How-
ever, a closer look at the singlet of the chloroform impurity 
in CDCl^ reveals that it is probably masking the singlet of 
an aromatic proton of the compound. 
If the two remaining OMe groups are assigned to the 
o-hydroxybenzoyl moiety, two aromatic positions are free but 
the NMR spectrum shows the singlet of only one proton at d 
6.38. This means that all other positions on the benzene 
neucleus are blocked. A large number of flavonoids and cou-
marins etc. are characterised by the presence of a benzofuran 
system and as such one may assume that GN-8 has the structural 
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features shown (V, VI). On adding Cj^ 2"90g and CgH^O we get 
C^^H,^0^ which has the molecular weight 352. The mass spec-
20 lo o 
trum shows M"*" at 394 which is 42 mass units more. One has 
H. 0 
OCH 
^12^9% CgHyC 
OCH. 
( V ) ( VI ) 
therefore, to add C2H2O to *-20^ 16^ 6* ^^^ molecular formula 
of the compound thus works out to ^o'^lQ^T ^^^^ remains as 
far as the structure of GN-8 is concerned is the nature of 
the C2H2O moiety. 
If the structural features already identified are in-
cluded the C2H2O unit can only be part of a furan moiety. 
Assuming this to be correct, the following structures a and 
57 
'b' are possible for GN-8. As far as the NMR spectrum (Fig. 11) 
CH3O 
OCH-
( a ) 
OCH 
( b ) 
i s concerned i t i s in c loser agreement with s t ruc tu re ' a ' . 
Taking 'a* f i r s t , one may make the following assignments. 
Because of i t s pos i t ion in the NMR spectrum the 2H s ing le t 
at 0 7,89 i s most l og ica l ly a l lo t t ed to the furanoid hydro-
gens on each side of the oxygen atom as shown in (VII - XI.'). 
One may compare t h i s value to tha t of C-2 and C-5 hydrogens 
in 3-acetylfuran d 7.84 and d 7.26 respectively2^»22^ j^xls 
: ^ : 
• [ - ' - • - ^ : ^ 
r 
rcttnt 
1 L 
r 
v^ r 
r 
r^ 
58 
6.66 H COMe 6.30 H H 6.30 
Solvent hexane 
( VII ) 
7.49 H 
7.52 
6.33 H H 6.96 
7.33 FT^o-'^^COMe 
Solvent hexane 
( X ) 
pr^o-^^i 7.: 
Solvent carbontetrachloride 
( VIII ) 
,38 
( IX ) 
6.92 H OMe 
( XI ) 
means that the p-methoxyphenyl group at position 3 of the 
turan ring in GN-8 causes a down field shift of the C-5 hydro-
gen by 0.62 ppm. The chemical shift of this proton in 3-p-
methoxyphenylfuran could not be located in reported litera-
ture but the relevance of the chemical shift of the C-2 
hydrogen in 3-phenyl or in 3-p-methoxyphenylfuran to the case 
in hand is doubtful. On the basis of structure (a) for GN-8 
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the molecule is crowded and the disposition of the anisotro-
pic effect of the 3,4-substituents of the furan moiety in it 
can not be predicted with any certainity. The signal at d 
6.38 is easily assigned to the isolated proton of the trioxy-
genated benzene ring. This leaves the signal masked by the 
CHCI3 to the other isolated proton of the benzofuran moiety. 
In benzofuran itself the chemical shift of this proton is d 
7.52 but the OMe group at the adjacent position might be rea-
sonably assumed to shift it to higher field as in 3-methoxy-
furan where its resonance is at d 6.92. 
Turning to structure 'b' which is a possibility on the 
basis of mass spectrum, the positions of the singlets in the 
NMR spectrum of GN-8 can in no way to reconcile with the 
values expected for the isolated protons of 'b*. Thus there 
is only one singlet at higher field which is reasonably assi-
gned to the isolated proton of the benzene ring flanked by 
two oxygen atoms. The reported value for the p-proton of 3-
acetylfuran is d 6.66 and there is no other signal in NMR 
spectrum close to this value. This rules out structure 'b' 
which is also less likely on biogenetic grounds. 
The observed fragmentation pattern of GN-8 on electrons 
impact is in good agreement with both structures 'a' and 'b* 
but as 'b' is ruled out by the NMR spectrum only the expected 
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f r agmen ta t ion fo r ' a ' i s d i s cus sed CScheme-4). The high 
i n t e n s i t y of the peaks a t m/z 134 and 392 i s i n accord with 
t h e a romat ic s t a b i l i t y of the (wt -2 ) f ragment and con juga t ion 
p r e s e n t in t h e p-methoxy phenyl e t h y l e n e . 
S t r u c t u r e ' a ' a l l o t e d t o t h e compound on the b a s i s of 
1 13 
the H-NMR spectrum i s i n complete accord with C-chemical 
s h i f t s . The ass ignments a re based on va lues c u l l e d from l i t e -
r a t u r e fo r s u b s t i t u t e d fu rans and benzofurans (XII. -XVI. ) 
^^"^ 110.9^ ^106.2 
^ 142 141 
0 ^ Me O 152.2 
( XII ) ( XI I I ) 
106.2 106.2 
149, 
Me 
0 149.2 
( XIV ) 
112.8 . . 121 .6 f/ \ 119.5 148.4 
^ -"CHO , . o r. / / • V 
153.2 148.5 <^ ^X^COOH 
0 ^ 4 6 . 0 
( XV ) ( XVI ) 
SCHEME - 4 
> m/z 364 
HaCO^ 
m/z 161 
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C-H carbons were iden t i f i ed by the HMQC spectrum (Fig. 12) . 
The considerable d i s p a r i t y between the chemical sh i f t s of the 
furan a- and a carbons 144.402 ppm for one and 123.409 ppm 
for the other i s no doubt due to the deshielding influence 
experienced by one from the 0-hydroxy benzoyl group and the 
shie lding of the other by the p-methoxy phenyl r i n g . The 
close analogy of a s imi la r 3 ,4 -subs t i tu ted furan could not be 
located in l i t e r a t u r e and there expected values have t o be 
deduced from the data ava i lab le for simple furans. The che-
mical sh i f t of the a-carbon in unsubst i tu ted furan i s 142 
and of the p-carbon 109 ppm. In 2-formylfuran ( fur fura l ) 
resonances of 2 ,3 ,4 and 5 r ing carbons occur at 153.2, 121.6, 
112.8 and 148.4 r e s p e c t i v e l y . Int roduct ion of the formyl 
group thus causes deshie lding of the a,p~carbons by 11 ppm. 
In furan 2-carboxylic acid the resonance of these carbons 
appear at 146, 119.5, 113.5 and 148.5 ppm. The deshielding 
effect of the carbonyl function i s l e s s pronounced than tha t 
of aldehyde group and the observed value 144.402 for the a-
carbon adjacent to the 0-hydroxy benzoyl i s thus close to tha t 
expected. The chemical sh i f t of the a-carbon of the furan 
r ing 123.499 ppm i s however at a lower value than expected. 
In t roduct ion of the OMe group d i r e c t l y in the furan r ing e i -
ther at the a or the ^ -pos i t ion , i s known to bring about 
deshie ld ing of the carbon bearing the OMe group due t o indue-
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tive effect and shielding of the next carbon due to reso-
nance effect. If this effect is kept in mind then the che-
mical shift of the CH carbons of the benzofuran moiety 127.90 
does not differ much from the expected value. Resonances of 
the other CH-carbon i . e . C ,^ C-16 and C-17 correspond closely 
to the values observed for similar benzenoid carbons in f la-
vonoids (XVII, Fig. 13). 
97.45 
127.91 
CH^O _ 
- 3 161.963 
55.449 
130.44 
162.07^3 62.27 
130.761 I 'dl ' ^ ^ 
iCH-:, , H' 129.64 
~ ^192.63 
56.64 
( XVII ) 
This work is still in progress as to arrive at the 
final structure of the compound. We have been hampered by 
the paucity of the material and the non-availability of 
fresh plant material as the latter has to be procured from 
Nigeria (Africa). Perhaps an X-ray analysis would throw 
ultimate light on the structure of the molecule. Further, 
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in our laboratory, an attempt at synthesing this compound 
is also in progress. Inspite of these limitations the 
weight of available evidences helps us in arriving, atleast 
at the tentative structure (XVIII), named as 3"-[4-methoxy-
phenyl]-2-hydroxy-6,7-dimethoxy-[3',6'-b-furane]-benzoylfuran 
(nervosinone). 
o-
OCH. 
( XVIII ) 
Biogenesis : 
Biogenetically the benzofuran moiety of GN-8 may be 
assumed to arise by the prenylation pathway already establi-
24-27 
shed for such compounds . Thus attach of Y»Y-dimethyl-
allylpyrophosphate on phloroglucinol, known to be an inter-
mediate in the acetate-shikimate pathway to aromatic com-
pounds would give 'A*. The epoxide *B* can rearrange to 'C 
and oxidation followed by and which lead to 'D'. The subse-
quent steps can be represented as shown (Scheme-5) on the 
basis of precise information available on the biosynthesis 
24—27 
of flavonoid compounds . 
SCHEME - 5 
O 
II (I) 3 X CH3-C-SC0A 
^ 
0' \e V ^^ 
[D] 
(II) Shikimate route 
MeCL/::^ 
Hi 
SCoA 
Ue 
OMe 
Cui) 
sk 
reduction 
+2H 
MeO 
fo rmyla t ion 
OMe 
OH 
OHC CHO 
e n o l i z a t i o n 
OMe 
OMe O 
dehydration 
MeO^ 
OMe 

All ultraviolet spectra were measured on a Beckman Model 
DU or DB instrument in methanol/ethanol. Infrared spectra were 
taken on Perkin Elmer Infrared and Perkin Elmer 1800 (FTIR), PMR 
spectra were recorded on instrument of 60 MHz, 80 MHz, 90 MHz, 
270 MHz, 300 MHz and 400 MHz in CDCI3, (003)200, DMSO-d^ and 
•'•"^ C-NMR spectra were taken on Brucker WM-400 (400 MHz FT-NMR) in 
CDCI3 and DMSO-d^ using tetramethyl silance as internal referen-
ce. The chemical shifts have been reported in d and ppm values. 
The mass spectra were recorded at the instrument centre. Depart-
ment of Chemistry, Aligarh Muslim University, Aligarh and CDRI, 
Lucknow, University of Alberta, Edmonton, Canada. 
All the melting points recorded in this thesis were deter-
mined on a Kofler block and are uncorrect. 
The silica gel used for different chromatographic purposes 
were obtained from B.D.H,, S.Merck (India) and E.Merck (Germany). 
TLC and PC solvent systems used were benzene:pyridine:formic acid 
(36:9:b), toulene:ethyIformatetformic acid (5:4:1), petrol:ben-
zene (4:1), benzene:chloroform (1:1), benzene:methanol:acetic 
acid (45:10:8), ethylacetate:ethyl methyl ketone:acetic acid: 
water (20:3:1:1), (5:3:1:1), chloroform:methanol:water (35:13:2), 
n-butanol:acetic acid:water (4:1:5), butanol:ethanol:water 
(6:1:2). 
Alcoholic FeClo, iodine vapours, ammonium vapour were used 
as spray reagents for visualization of TLC spots. 
Extraction of the leaves of Garclnia nervosa mig (Syn. G. 
andersoni. Hook f)(Guttifereae) : 
The air dried powdered leaves (1 kg) were exhaustively 
extracted (3 times, 3 litres each) by refluxing with alcohol. 
All the alcoholic extracts were combined together and distilled 
under reduced pressure, a greenish syrupy mass was left behind. 
The greenish syrupy mass was successively extracted with petro-
leum ether, benzene, chloroform, ethylacetate and finally with 
acetone. The petrol extract yielded a yellowish oily mass of 
fatty nature and was not further examined. 
Benzene, chloroform and ethylacetate concentrates showed 
similar behaviour on TLC plates when examined with following 
solvent systems : 
1. Petrol : Benzene (1:1) 
2. BenzenetChloroform (5:1) 
3. Chloroform:Ethylacetate (5:2) 
4. Benzene:Pyridine:Formic acid (36:9:5) 
The above concentrates were therefore mixed together. 
The combined concentrate (20 gms) was subjected to column chro-
matography over silica gel and eluted with solvent systems of 
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increasing polarity and monitored by TLC. Fractions each of 
50 ml, were collected and the following compounds were isolated 
from different pools of identical fractions : 
GN-1 (100 mg) GN-5 (-J80 mg) 
GN-2 (180 mg; GN-6 (160 mg) 
GN-3 ( 80 mg) GN-7 (150 rag) 
GN-4 (110 mg) GN-8 (250 mg) 
GN-1 : 
Elution of column with petrol gave an oily mass which was 
crystallised from petrol-benzene as colourless needles, m.p. 
125-26°C. 
Analysed for C,QHJ^QO^ 
Calcd. : C, 61.85, H, 5.155^  
Found : C, 61.79, H, S.lOJIi 
^^^ Nuiol : 
-1 1710 cm 
-'•H-NMR (600 MHz, CDCI3) d scale i 
3.92 (6H, s,2x0Me), 8.05 (4H, s, Ar-H). 
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194 [Mt], 176 [M"*"-CH3], 164 LM"^-2CH3], 163 [M-OCH3], 
135 [M"*"-C00CH3], 76 [M-2COOCH3]. 
Hydrolysis of GN-1 : 
The methylester (60 mg) was dissolved in alcoholic pota-
ssium hydroxide (15?^ , 5 ml) and kept at room temperature for 
6 hours. The reaction mixture was diluted with equal volume 
of Water, acidified with hydrochloric acid and extracted with 
ether. The ether extract was washed with water and dried over 
anhydrous sodium sulphate. The ether was removed, the solid 
obtained was crystallised from chloroform-petrol as white shin-
ing needles, m.p. 300 C. 
Analysed for CgH,0^ 
Calcd. : C, 57.83, H, 3.61?^  
Found : C, 57.79, H, 3.56?i 
GN-2 : 
The petrol-benzene (7:3) fractions of the column were 
found identical on TLC and therefore pooled together. Purifi-
cation by repeated crystallisation from methanol and chloroform 
afforded white crystalline solid, m.p, 139°C. It gave positive 
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Libermann-Burchard t e s t and yel low co lou r with t e t r a n i t r o -
methane. 
Analysed f o r O^^H^QO 
Calcd. t C, 84 .05 , H, 12.07?^ 
Found s C, 84,01, H, 1 2 . 0 3 ^ . 
Ac^-^:ylation : 
Crystalline GN~2 (50 mg) was treated with acetic anhydride 
(2 ml) and pyridine (0.5 ml) and allowed to stand overnight at 
room temperature and then heated on a steam bath for 2 hours. 
The mixture was poured on crushed ice. The solid was collected 
washed with water and dried. On several crystallisation from 
ethanol it gave shining colourless needles, m,p, 127-28 C, 
Analysed for C2iH^202 
Calcd. : C, 81.57, H, 11,AC!^ 
Found : C, 81.52, H, 11.303^ . 
GN-3 i 
Further elution of the column with petrol-benzene (3:2) 
followed by crystallisation with methanol-chloroform gave 
white shining needles, m.p. 163-64°C, Co-TLC, m.p. and m.m.p, 
with an authentic sample, showed it to be stigmasterol. 
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Analysed for C29H^8^ 
Calcd. : C, 84.47, H, 11.65?^  
Found ; C, 84.37, H, 11.609^  
GN-4 : 
GN-4 was obtained on elution of the column with petrol-
benzene (1:1). After repeated crystallisation with chloroform-
methanol, it gave white needles shaped crystals, m.p. 263-64 C. 
Analysed for C ^ Q H ^ O 
C a l c d . : C, 8 4 . 5 0 , H, 11.733i 
Found : C, 8 4 . 4 7 , H, 11.683^ 
•'•H-NMR ClOQ MHz, CDCI3) d s c a l e : 
0 . 7 0 (3H, s , CH3), 0 . 8 4 (3H, s , CH3), 0 . 8 5 (3H, s , CH3), 
0 . 9 2 (3H, s , CH3; , 0 . 9 8 C6H, s , 2CH3), 1 .02(3H, s , CH3; , 
1.16 (3H, s , CH3; , 1 .26 , 1 .36 , 1 .42 , 1.52 (22H, m, 
I IXCH2-) , 2 . 2 0 - 2 . 3 4 [3H, m, (C2-CH and C^-CH)] . 
IH (Nuiol) ' \)cm - 1 
2890 (br, C-H), 2450, 1470, 1380, 1370, 1360, 1355, 1305, 
1295, 1275, 1240, 1215, 1200, 1185, 1170, 1015, 1000, 
975, 715. 
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Mfi^ sfi ; m / z 
426 ( 9 2 ) , 411 ( 4 0 ) , 341 (32) , 303 ( 7 0 ) , 277 (lOO). 
GN-5 : 
The benzene:chloroform (4:1) fractions gave a TLC homo-
geneous substance. It was crystallised from chloroformtmethanol 
(180 mg), as pale yellow plates, m.p. 240°C. 
Analysed for Cj^ gHj^ O^g 
Calcd. : C, 60.00, H, 4.4?^  
Found t C, 60.02, H, 4.5?^  
UV data with shift reagents X nm : 
MeOH 262, 329 (sh). 
AICI3 274, 328 (sh), 372. 
NaOAc 272, 326 nm 
NaOMe 268, 272, 332 (sh). 
I R V (KBr) cm"-*- : 
3310 (OH), 1665, 1640 (>C=0), 1630 (aromatic). 
•^ H-NMR (400 MHz, CDC1-) d scale : 
y 
3.84 (3H, s, IXOCH3), 3.85 (3H, OCH3), 4.01 (3H, s, OCH3), 
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6.62 (IH, d, J = 2.5Hz, H-6), 6.66 (IH, d, J = 2.5Hz, H-8), 
6.79 (IH, s, H-5«), 7.86 (IH, s, H-2;, 9.41 (IH, s, OH-40, 
10.51 (IH, s, OH-7), 13.50 (IH, s, OH-5). 
Mass I m/z : 
360 [Mt], 345 [M'^-Me], 342 [M"^-H20], 332 [M"*'-C0], 330 
[M'*'-CH20 or M"^-2Me], 329 [M"^ -OMeJ, 327 [M"^-Me-H20], 315 
[M'*'-3Me], 317 [M'^ -3Me+2H'*'J, RDA fragments, 153 [AJ^ +H]"*", 
152 LAtj, 151 [Aj^ -Hj"^ , 208 [B^t], 207 [BJ^-H"*"], 178 
[Bj^-CH^O]. 
-'•^ C-NMR (400 MHz, CDCI3J 
55.2, 55.8, 55.71 UXOCH3), 94(C-8), 100 (C-6), 105(C-10), 
118.1 (C-5«), 122.5 (C-1'), 127.O (C-3;, 146 (C-2'), 148.2 
(C-6';, 148.5 tC-4'), 148.8 (C-3'), 153.1 (C-2;, 156.6 
(C-9), 159.2 (C-5), 162.1 (C-7), 177.3 (C-4;. 
Acetvlation : 
Crystallines GN-b (50 mgj, acetic anhydride (l ml) and 
dry pyridine (.0,5 ml) were heated over a water bath for three 
hours. After cooling, the mixture was poured on crushed ice 
and left overnight. The solid was collected, washed with 
water and dried. On several crystallisations from aq. ethanol, 
it gave colourless needles, m.p. 132 C, 
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Analysed f o r C24H220_L2 
Calcd. : C, 59 .26 , H, 4.53?^ 
Found : C, 59 .19 , H, 4.49?^ 
•'•H-NMR (300 MHz, CDCI3, d s c a l e ) : 
2 .31 (3H, s, IxOAc), 2 .35 (3H, s , IxOAc), 2.39 (3H, s , 
IxOAc), 3 .85 (9H, s , 3XOCH3), 6.72 (IH, d, J = 2.5Hz, 
H-6M, 6.97 (IH, d, J = 2.5Hz, H-8) , 7.19 (iH, s , H - 3 ' ) , 
7 .85 (IH, s , H-2 ) . 
13 C-NMR (400 MHz, CDCI3) : 
O 
2 1 . 1 , 20 .6 , 20 .9 (3xo!!:-CH3), 5 5 . 5 , 5 6 . 1 , 56.8 (3XOCH3;, 
110.2 (C-8) , 113.4 (C-6) , 117.5 (C-IO), 126.2 ( C - 5 ' ) , 
126.5 (C-3) , 128.6 ( C - 1 ' ) , 140.8 ( C - 4 ' ) , 146.1 ( C - 2 ' ) , 
148.3 ( C - 6 ' ) , 151.5 (C-5) , 151.9 (C-9) , 153.3 (C-2) , 157.6 
(C-3«) , 168.2, 1 6 8 . 5 , 169.5 (3x-C-CHo), 178 (C-4 ) . 
Mass 
486 [MI], 444 [M'^-CH2=C=0], 402 [M"^-2CH2=C=0]"^, 360 
[M'^-3CH2=C=0J, 345 [360-Me], 330 [36O-CH2O or 2xMe], 
315 [360-3Me], RDA, 153 [A^^ + H"^], 178 [BJ^-CH2=0J. 
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Methvlation of GN--5 : 
Crystalline GN-5 (50 mg), dry acetone (50 ml), dimethyl 
sulphate (l ml) and anhydrous potassium carbonate (0.3 g) 
were refluxed for 24 hours. The reaction mixture was filtered 
and the inorganic residue washed several times with hot ace-
tone. On distilling off the solvent, a brown semi solid mass 
was left behind. It was washed with hot petroleum ether to 
remove the excess of dimethyl sulphate. The solid residue on 
crystallisation from ethyl acetate gave colourless shining 
plates (28 mg), m.p, 156°C. 
Analysed for 02-iH220g 
Calcd. : C, 62.69; H, ^,A7% 
Found : C, 62.65; H, 5.4551^  
•••H-NMR (300 MHz, CDC1-, d s c a l e ) : 
3 .85 - 3.96 (18H, s , 6x0Me), 6 .66 (IH, d, J = 2.5Hz, H-6) , 
6 .75 (IH, d, J = 2.5Hz, H-8) , 7 .23 (IH, s , H - 3 ' ) , 7 .85 
(IH, s , H-2) . 
Mass 
402 [Mt], 387 [M"*"-15], 372 [M'*"-CH20 or M'*'-2Me], 357 
[M'^-SMe], 371 [M'*'-0Me], RDA, 167 [A^ -^Me+aH"*"], 179 
[Bj^-Me-CO]. 
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Oxidative degradation of the methyl ether with alkaline H2O2 : 
A solution of the methyl ether of GN-5 (20 mg) in acetone 
(50 ml) was treated with 5% ale. KOH aqueous (10 ml) followed 
by 30?^  ^ 2^2 ^^ ^^^* ^^® mixture was kept at 45°C for 2 hours. 
Then it was cooled, poured into ice-cold water (10 ml), acidi-
fied with cold con. HCl and extracted with ether. The ether 
solution was washed with water and then shaken with saturated 
NaHCO^ solution, the bicarbonate fraction was acidified and 
extracted with ether. Evaporation of ether followed by micro 
vacuum sublimation gave a colourless crystalline solid, m.p. 
185-86°C. It was identified as 2,3,4,6-tetramethoxy benzoic 
acid by m.p., m.m.p. and co-chromatography with an authentic 
sample. 
GN-6 : 
It was crystallised from chloroform-methanol as yellow 
needles, m.p. 235-36°C. 
Analysed for C,yH, .0. 
Calcd. t C, 64.97 H, 4.45^ 
Found : C, 64.93 H, 4.41^ 
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,Q.-| KBr ^^-1 
^^^ max ^ "^  
3460 (OH;, i64B (C»0; , i665, 1580, 1515 and 1495 
(aromatic). 
UV data with shift reagents /N^gy ""^  
MeOH 268, 334 
NaOMe 274, 365 
AICI3 277, 315sh, 380 
AICI3/HCI 278, 381 
NaOAc 268, 334sh 
NaOAc/H3B03 268, 333sh. 
^H-NMR (300 MHz, CDCI3) d scale : 
3.92, 3.96 (6H, s each, 0CH3-6,7), 6.65 (IH, s, H-8), 
7.01 (2H, d, J = 9Hz, H-3',5'), 7.51 (2H, d, J = 9Hz, 
H-2',5'), 7.81 (IH, s, H-2), 9.42 (IH, s, 0H-4«), 13.5 
(iH, s, OH-5). 
Mass m/z : 
314 (100;, 299 (50.8), 283, 153 (30.6), 118 (30.5). 
Acetvlation : 
GN-6 (30 mg) Was acetylated by heating with acetic 
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arthydride and p y r i d i n e on a water ba th f o r about one hour and 
keeping over n igh t a t room t e m p e r a t u r e . The r e a c t i o n mixture 
was poured over crushed i c e . The s o l i d sepa ra t ed was washed 
with water and d r i e d . I t was c r y s t a l l i s e d from e t h y l a c e t a t e 
as c o l o u r l e s s p l a t e s , ro.p. 182-83°C. 
Analysed f o r ^22^2^302 
Calcd . : C, 6 3 . 3 1 , H, A,i>2% 
Found : C, 6 3 . 2 5 , H, 4.34?^. 
•"•H-NMR (300 MHz, CDCI3) Values on d - s c a l e : 
2 .3(3H, s , OAc), 2 ,5(3H, s , OAc), 3 .98 (3H, s , OCH3), 4 . 0 
(3H, s , OCH3), 6 . 8 (IH, s , H-8) , 7 . l ( 2 H , d, J = 9H2, H - 3 ' , 
5 ' ) , 7.6 (2H, d, J = 9Hz, H - 2 ' , 6 ' ) , 7 .89 (IH, s , H - 2 ) . 
Me thv la t ion of GN~6 : 
GN-6 (30 mg), d imethy l s u l p h a t e ( 0 , 2 m l ) , anhydrous p o t a -
ssium ca rbona t e ( 0 , 3 g) and dry ace tone (10 ml) were r e f luxed 
fo r 24 h o u r s . I t was worked up as d e s c r i b e d e a r l i e r . The 
s o l i d ob ta ined was c r y s t a l l i s e d from e t h y l a c e t a t e as c o l o u r -
l e s s sh in ing c r y s t a l s (20 mg), m.p, 181-82°C, 
Analysed fo r C,pH,g0. 
Calcd, J C, 66 ,66 , H, 5,26?^ 
Found J C, 66 .59 , H, 5,175^ 
: 76 : 
GN-7 
GN-7 was crystallised from methanol as yellow crystals, 
m.p. 189°C. 
Analysed for Cj^ gH^ O^g 
Calcd.: C, 60.0, H, 4.4?i 
Found : C, 60,1, H, 4.23^  
UV data with shift reagents \ 
'^max 
265, 
275, 
278, 
273, 
273, 
nm 
335 
316, 
315, 
338 
355 
• 
• 
371 
374 
MeOH 
AICI3 
AICI3/HCI 
NaOAc 
NaOMe 
IR V (KBr) cm"-'- J 
3380, 1665, 1620, 1585, 1570, 1500, 1480, 1430, 1370, 
1355, 1300, 1260, 1210, 1165, 1120, 1060, lOlO, 990, 
950, 850, 830, 810, 705, 650. 
•^ H-NMR (400 MHz, DMSO-d,) d scale : 
3.70 (3H, s, IXOCH3), 3.76 (3H, s, IXOCH3), 3.80 (3H, s, 
IXOCH3), 6.5 (IH, s, H-8), 6.65 (IH, d, J = 2Hz, H-6'), 
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6.7 (IH, s, J = 2Hz, H-2'), 8.40 (IH, s, H-2), 9.25 
(IH, s, OH-3'), 10.01 (IH, s, OH-7), 13.0 (IH, s, OH-5), 
13 C-NMR 
55.81, 59.80, 59,88 (SxOCHg), 93.88 (C-8), 104.69 (C-6'), 
104,79 (C-10), 110.4 (C-2'), 121.8 (C-3), 121.75 (C-1'), 
131.43 (C-6), 136.48 (C-8), 150.22 (C-5'}, 152.59 (C-3«), 
152.85 (C-7), 153.35 (C-5), 154.6 (C-2), 180.25 (C-4). 
Mass m/z : 
360 (100), 359 (5), 345 (60), 342 (20), 332 (10), 183 
(5), 178 (2), 69 (209i). 
Acetylatlon t 
GN-7 (100 mg) was refluxed with acetic anhydride (2 ml) 
and pyridine (1 ml) on a water bath for 12 hours. After usual 
work up, the residue was crystallised from methanol, m.p. 
127-28°C. 
Analysed for C24H 20j^ j^  
Calcd. : C, 59.26, H, 4,b2% 
Found t C, 59.23, H, 4.51?^  
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•'"H-NMR (60 MHz, CDCl^) d s c a l e : 
2 .4 - 2 .53 (9H, m, 3 a c e t o x y l s ) , 7 .16 (IH, s , H-8) , 
7 ,90 (IH, s, H-2 ) . 
GN-8 : 
I t was c r y s t a l l i s e d from chloroform-methanol as yel low 
n e e d l e s , m.p. 180°C. I t gave g r een i sh brown f e r r i c r e a c t i o n , 
Analysed for ^22^2^00^ 
Calcd. : C, 6 7 . 0 1 , H, 4.57?S 
Found : C, 66 .89 , H, A,A(i% 
UV d a t a x Amax ^^ 
MeOH 235, 3 6 5 ( s h ) 
J KBr . _ - l 
I R V cm 
max 
2949 (b r , OH), 1628 (C=0), 1606, 1542, 1511, 1449, 
1392, 1344. 
•^ H-NMR (300 MHz, CDCI3) d s c a l e : 
3 .80 (3H, s, OMe), 3.86 (3H, s , OMe), 3.94 (3H, s, OMe), 
6 .38 (IK, s , H - 3 ; , 7 .28 (IH, s, H-5) , 6 .95 (2H, d, J=9Hz, 
: 79 : 
H - 3 " \ 5 ' " ) , 7 .64 UH, d, J = 9Hz, H - 2 " \ 6 " ' ) , 
7 .89 (2H, s , H - 2 » ' , 5 " ) , 13.65 (IH, s , che l a t ed OH). 
MS lEIMS. 70 eVi ( r e t , i n t ) m/z 5 
394 [ M " ^ ] ( 4 2 . 8 ) , 393 [M '* ' -1 ] ( 2 2 . 4 ) , 392 [M'*"-2] (46.5Jli) 
379 [M-Me] ( 6 ) , 364 [379-Me] ( 5 ) , 260 CM'^-134] ( 2 1 . 1 ) 
134 [M"*'-260j (1005^), 161 (l4?i), 121 ( 7 4 . 8 ) . 
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The genus Ficus (Moraceae family) consists of 800 spe-
cies, trees, shrubs and often climbers with milky juice, 
distributed in tropical and sub- .tropical areas. About 65 
species are found in India. Roots, barks, leaves and flowers 
of many plants of the genera Ficus are widely used as import-
ant drugs of indigenous system of medicine in India, for the 
treatment of skin diseases, enlargement of liver and spleen, 
1-3 dysentry, diarrhoea, diabetes, leprosy and syphilis 
The isolation of two flavonoidal alkaloids, ficine and 
4 
isoficine from Ficus oentoniana had accelerated the search 
of other potent compounds from medicinally important plants of 
the genus Ficus, not so far thoroughly investigated. A survey 
of the literature showed that no work seems to have been done 
on Ficus krishnae. therefore, the present chemical investiga-
tions had been undertaken. The leaves of F.. krishnae were 
procured from the botanical garden A.M.U. Aligarh. Air dried 
powdered leaves were exhaustively extracted with ethanol at 
its boiling point. The alcoholic concentrate was successively 
extracted with petrol and benzene. 
TLC examination of the petrol and benzene concentrates 
showed the presence of the same compounds in the two extracts 
with varying concentration and thus, were mixed together. The 
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combined material was chromatographed over silica gel column 
using successively petroleum ether (A), petrol-benzene mixture 
(B) and benzene (B,) as eluting solvents. Appropriate frac-
tions (IR spectra and TLC) were combined. 
4 
FRACTION - A : It was rechromatographed over silica gel 
column, fractional elution with hexane yielded a colourless 
product(FK-l), m.p, 62-67°. .Analysed by gas-liquid chromato-
graphy indicated the product to be a mixture (vide spectrum 
no.l) of n-alkanes of series ^'2A-^2ei containing mainly n-tri-
triacontane (28.9^) n-nonacosane (21,2?^), n-triacontane (2.9%) 
accompained by hexacosane, pentacosane and pentatriacontane as 
minor constituents. 
FRACTION - B : Elution of the column with petrol-benzene 
mixture (l:l) followed by crystallisation with methanol-chlo-
roform yielded white shining needles (FK-2) m.p. 138°C, 
[a]•'•^ -53.48 (CHCI3). It gave positive Liebermann Burchard 
5 
test and responded to tetranitromethane colour test. Infra-
red spectrum (vide spectrum 2) showed /^ m v 3350 and 1050 cm" 
(OH) and 1655 and 840 cm""'- (C=C). The NMR spectrum (vide 
spectrum 3) indicated signals at d 0.70, 0.80, 0,88, 0.92, 
1.02 (CH3 protons), 3.56 (3-OH, hydroxyls) and d 5.36 (IH, 
vinyl proton). Spectral data and elemental analysis iO^Jd^QO) 
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suggested it to be ^-sitosterol. Its acetate melted at 126 
^> "^ J °^ 2950, 2880, 1740, 1680, 1470, 1390, 1262 and 970 iy max ' 
cm'"'^ . Further derivatization led the preparation of benzoates, 
m.p. 144-45°C. 
FRACTION B, : Fraction B, on TLC examination in different 
solvent systems showed the presence of a single compound with 
some minor impurities. Repeated column chromatography over 
silica gel and fractional crystallisation afforded a crysta-
lline TLC homogenous substance (FK-3). FK-3 was crystallised 
from chloroform-methanol as light yellow needles, m.p, 287°, 
R^ 0.50 (Benzene:Ethylacetate, 9:1). It analysed for C2QH,.0P^ 
which was in agreement with the molecular ion peak at m/z 336. 
Active hydrogen determination showed the presence of two hydro-
xy 1 groups. The ultraviolet and infrared spectra of FK-3 and 
its derivatives indicated the presence of a conjugated carbonyl 
group and two phenolic or enolic hydroxyl groups. It gave 
brownish green colour with ferric chloride, a yellow colour 
with Mg/HCl and dark red colour on reduction with sodium amal-
gam followed by acidification with con, HCl. Colour reactions 
alongwith UV spectra showed it to be a flavone, A 53 nm batho-
chromic shift of Band I in the presence of NaOMe indicated the 
presence of a hydroxyl group at position 4' in ring B, Alka-
line fusion of FK-3 gave p-hydroxy benzoic acid, thus confirming 
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the presence of the hydroxyl group at C-4*. A significant 
bathochromic shift in Band II in the presence of AlCl-j placed 
the second hydroxyl group at C-5, 
Assuming a flavone structure for FK-3 four oxygen atoms 
were thus accounted for, two belonging to the Y-pyrone ring 
and two to phenolic hydroxyl groups. This led to the proposal 
of partial structure (1), On biogenetic grounds and by inspec-
tion of the ultraviolet and NMR data, the fifth oxygen atom was 
placed at position 7. 
S"8 
( I ) 
Biosynthetic arguments led us to consider that the C^Hg 
-J 
residue in FK-3 (I) was likely to involve an isoprene unit . 
The infrared spectrum of FK-3 in nujol supported the presence 
of the following groupings, conjugated -C=C- (1632 cm" ), 
aromatic -C=C- (1597, 1563, 1494 cm"''-), (Ar) 0-C (tertiary) 
(1123 cm""-"-), MGgCH-O (1375, 896 cm"-'-), phenolic OH (3480 cm""'-), 
CO (1660), FK-3 and its derivatives showed absorption in the 
222-230 nm region which is characteristic of 2,2-dimethylchro-
mene. Thus the C^ H^g unit could be located in a 2,2-dimethyl-
chromene residue . Two structures (II and III) were tentati-
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vely proposed, the former being preferred on biogentic consi-
deration . 
( III ) 
The structure (II ) assigned was further supported by 
nuclear magnetic resonance and mass spectra. The NMR spectrum 
(Table - 1 ) ' (Fig. 4) of FK-3 exhibited a singlet at d 1.51 
for six protons and two doublets at d 5.65 and 6.7 (j = lOHz) 
signifying the dimethylchromene ring and a sharp singlet at 
d 6.50 for one proton characteristic of the H-3 of the flavone. 
Examination of the aromatic protons region showed the typical 
Assignments 
H-2*,6' 
H-3\5' 
H-10 
H-3 
H-6 
H-9 
gem dimethyl 
OH-5 
OH-4' 
TABLE - I 
No. of 
Protons 
2 
2 
1 
1 
1 
1 
6 
1 
1 
Signals 
7.8 (d, J = 8.0Hz) 
6.95(d, J = 8.0Hz) 
6.7 (d, J » lOHz) 
6.5 (s) 
6.4 (s) 
5.65 (d, J = lOHz) 
1.51 
13.2 (s) 
9.8 (s) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCl^ at 300 MHz, values on d scale, TA^ as internal 
standard• 
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A^B^ pattern by doublet centred at d 6.95 (J = 8Hz) and an-
other centred at d 7,8 (J = 8Hz), each integrating for two 
protons, thus showing 4* oxygenation in the side phenyl. 
Besides these, there was a singlet at d 6.4 integrating for 
one proton, this may be assigned to H-6, supported by 0.4 ppm 
downfield shift in the NMR of the acetate of FK-3. 
The mass spectrum of FK-3 showed a parent ion peak at 
m/z 336 (19?^ ) and diagonstic fragments at 321 [M-Me]"*" (100), 
293 [M-MeCO]"^ (65^ ), 203 [RDA of (M-Me"^)]. The peak at m/z 203 
indicated the attachment of the chromene moiety to ring A (Fig.5). 
On the basis of above data FK-3 was characterized as 
atlantoflavone [8,8-di-methyl-5-hydroxy-2(4•-hydroxyphenyl)-
10a,b 
4H,8-benzo(1,2b:3,4-b*)dipyran-4-one] (IV). 
( IV ) 
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Coarsely powdered leaves (l kg) were exhaustively extrac-
ted (3 times, 4 litres each) by refluxing with ethanol. All 
the ethanol extracts were combined together and distilled under 
reduced pressure, a dark viscous mass was left behind. The 
dark viscous mass was successively extracted with petroleum 
ether and benzene. The two extracts on TLC examination in 
petrol:benzene and hexane:benzene systems showed three major 
spots with the same R^ values. The above two concentrates 
were therefore mixed together. The combined extract (25 gm) 
was subjected to column chromatography over silica gel and 
eluted with petroleum ether (40-60°), petroleum ether-benzene 
mixtures in different proportions and monitored by TLC, Fra-
ctions, each of 50 ml, were collected and the following comp-
ounds were isolated from the different pools of identical 
fractions. 
FK-1 (1,5 gm) 
FK-2 (200 mg) 
FK-3 (200 mg) 
The petrol fractions of the column were found identical 
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on TLC and therefore pooled together. Removal of the solvent 
by distillation under reduced pressure gave colourless com-
pound (FK-1), m.p. 62-67°C. This showed a broad spot on TLC 
em, (silica gel/AgNO^, M in petrol:benzene (4:1) solvent syst 
It was found to be a saturated hydrocarbon, IR and the elemen-
tal analysis compared with that of triacontane, ^ n,ax 2930, 
2860 (C-H, saturated), 1460, 1380 (C-CH3), 720 cm~^ (CH2)^. 
Analysed for C^QH^g^ 
Calcd : C, 85.30, H, 14.69?^  
Found : C, 85.27, H, 14.64?^  
For final confirmation it was subjected to GLC analysis 
which indicated this product to be a mixture of n-alkanes of 
the series ^2^-00^ (Table-l), odd numbered homologues predo-
minated as usual. 
S.No. 
1.= 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
TABLE -
n-alkane 
n-Triacontane 
n-Tri-triacont 
n-Nonacosane 
n-Triacontane 
n-Heptacosane 
(Ten) 
ane 
n-Hexatriacontane 
n-Octacosane 
n-Hexacosane 
n-Pentacosane 
n-Pentatriacontane 
1 
^^30^62^ 
^^33^68' 
^^9^60; 
^^30^62^ 
^^7^56; 
^^36^74; 
^^28^59^ 
(^ 26^ 59; 
^^5^72^ 
^^36^74^ 
Composition % 
Very 
36.3 
28.9 
21.2 
2.9 
2.0 
2.0 
2.0 
small quantity 
-do-
-do-
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FKz2 
Fract ions obtained from benzene:petrol ( i t l ) e lua te were 
pooled toge ther . The solvent was removed by d i s t i l l a t i o n over 
water bath under reduced pressure . The residue was c r y s t a l l i -
zed from chloroform-methanol as white shining needles (FK-2) 
m.p. 138 C. 
Analysed for CJ^H^QO* 
Calcd. : C, 84.05, H, 12.07?^ 
Found : C, 84.01, H, 12.01^ 
3350, l050(OH), 1655(C=C) and 840 cm"-"- (terminal 
methylene). 
•'•H-NMR (60 MHz, CDCI3) Value on d scale : 
0.70 (3H, s, CH3-I8), 0.80 (3H, d, J = 6.8Hz, CH3-28), 
0.88 (6H, d, J = 6.5Hz, CH3-26,27), 0.92 (3H, d, J = 
6.5Hz), 1.02 (3H, s, CH3-I9), 1.07-2.34 (-CHg and -CH 
protonsof cyclic system and side chain), 3.56 (IH, m, 
H3V-3), 5.36 (IH, m, vinylic proton). 
It was found to be a sterol. A portion of the product 
was converted into following derivatives. 
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(a) Acetate : 
The above product (50 rag) was treated with acetic 
anhydride (2 ml) and pyridine (.2 ml) and allowed to stand 
overnight at room temperature and then heated on a steam bath 
for 6 hours. After usual work up it was crystallised from 
methanol and chloroform as colourless flakes (75 mg), m.p. 
127-28°C. 
Analysed for C2j^ Hp^ 2^ 2' 
Calcd. : C, 81.6, H, 11.4?^  
Found : C, 81.4, H, 11.5?i 
1740 (C=0), 1680 (C=C), 1262 (acetate) and 960 cm'-*-
(terminal methylene). 
(b) Benzoate : 
The sterol was dissolved in pyridine (l ml) and 
benzyol chloride was added to it. The solid separated, was 
filtered over a buchner funnel, washed with potassium hydro-
xide solution (2%) followed by water. The solid was dried 
crystallised from methanol as white crystals, m.p. 144-45°C 
(35 mg). 
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The benzene fractions of column which showed single spot 
on TLC were combined together. The solvent was removed by 
heating it over a water bath under reduced pressure. The solid 
mass left behind was crystallised from chloroform-methanol as 
yellow needles (FK-3) m.p. 287°C, R^ = .50 (benzenetethyl 
acetate, 9:1). 
Analysed for ^oc^lt'^b** 
Calcd. J C, 71.43, H, 4.76?^  
Found : C, 71,35, H. 4.74?^ . 
UV data with shift reagents Xmax * 
222, 230, 277, 312, 346.7 
227, 276, 399 
236, 282, 321, 352, 419 
AICI3 + HCl 234, 280, 320, 348, 409 
MeOH 
NaOMe 
AlClo 
s KBr 
IRl) -1 
cm 
3480 (OH), 2950, 1660 (C=0), 1632, 1597, 1563, 1494, 
1375, 1123, 896. 
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•^ H-NMR value (CDCI3, 300 MHz) value on d scale : 
1.51 (s, 6H, gem dimethyl), 5.65 (d, IH, J = lOHz, H-9), 
6.7 (d, IH, J = lOHz, H-10), 6.4 (s, IH, H-6), 6.5 (s, 
IH, H-3), 6.95 (d, IH, J = 8Hz, H-.3%5'), 9.8 (s, IH, 
0H-4«), 13.2 (s, IH, OH-5)^ 7.8(d, IH, J=8Hz, H-2',6'). 
Mass : 
336 [MT] (9), 321 [M-Me]"*" (lOO), 308 [M-CO]"^ (31), 
293 [M-MeCO]"*" (6), 203 (RDA) of [M-Me]"^ (33.1) chxomene 
moiety attached to A ring. 
Micro degradation of FK-3 : 
The compound FK-3 (0.5 mg), potassium hydroxide (100 mg) 
and few drops of water were heated at 240°C for 2 minutes. 
The initial dark orange colour disappeared, the reaction mix-
ture was cooled, diluted with water, acidified and extracted 
with ether (l cc) twice. The ether extract was run on paper 
chromatogram, using Whatman No. 1 filter paper and employing 
ascending technique in three solvents system, butanol:acetic 
acid:water (6:1:2). The chromatogram on spraying with bis-
diazotized benzidine showed two spots, indistinguishable from 
those of authentic samples of phloroglucinol and p-hydroxy 
benzoic acid, R^  : (Phenol), 0.69, R^ (acid) 0.87. 
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Acetate : 
FK-3 (80 mg) was heated with pyridine (0.5 ml) and acetic 
anhydride (1 ml) on a water bath at 100°C for 2 hours. After 
usual work up, the compound was crystallised with chloroform-
ethylacetate as cream coloured needles (50 mg), m.p, 225 C. 
223, 271, 328, 424. 
max 
2981, 2930, 1766, 1749, 1645, 1550, 1520, 1480, 1380, 
1340, 840. 
•^ H-NMR (300 MHz, CDCl,,) Value on d scale i 
1.57 (s, 6H, gem dimethyl), 2.35 (s, 3H, OAc-4'), 2.45 
(s, 3H, OAc-5), 5.75 (d, IH, J = lOHz, H-9), 6.56 (s, IH, 
H-3), 6.80 (s, IH, H-6), 6.85 (d, IH, H-IO), 7.2 (d, IH, 
J = 8Hz, H-3',5'), 7.9 (d, IH, J = 8H2, H-2',6'). 
Methvlation : 
FK-3 (60 mg), dry acetone (10 ml), anhydrous potassium 
carbonate (.3 g) and freshly distilled dimethyl sulphate (.5 ml) 
were refluxed under anhydrous conditions for 30 hours on a 
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waterbath. The solid was filtered off and washed with hot 
acetone. The filtrate and the washings were combined and 
evaporated to dryness. The solid obtained was crystallised 
from methanol as white needles, m»p. 210 C. 
X MeOH 
« A, ^ • ' ^ max 
228, 274, 302, 346sh, 
O KBr _„-l 
*^  max 
2980, 2930, 2841, 1660, 1612, 1585, 1525, 1382, 1350, 
1200, 1140, 1120, 840. 
•'•H-NMR (CDCI3 400 MHz) d Scale : 
1.5 (6H, s, gem dimethyl), 3,8, 3.91 (6H, s, 2 x OMe), 
5.6 (IH, d, J = lOHz, H-9), 6.29 (IH, s, H-6), 6.53 (IH, 
s, H~3), 6.7 (IH, d, J = lOHz, H-IO), 7.01 (2H, d, 
J = 8.0Hz, H-3«, H-5'), 7.79 (2H, d, J = 8.0Hz, H-2», 
H-6*). 
Mass m/z : 
364 [M]t (53?^ ), 350 (209^ ), 349 [M-Me]"*" (100^), 334 (21?^), 
321 [M-MeCO]"*" (205^), 218 RDA of [M-Me]"*" (94%), 203 (26^). 
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CHAPTER IV 
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Flavonoids from the flowers of Cassia nodosa (Leguminosae) : 
The family leguminosae consists of about 482 genera and 
12CXD species of evergreen trees, herbs, water plants, and 
shurbs. The genus Cassia comprises about 580 species distri-
butttd mostly in th« tropical and «ubtropic«l r«glon of th« 
World . About 20 species found in India, find extensive use 
in folk medicines for the treatment of cheloid tumor, ring 
2 3 
worm, insectbites and rheumatism ' , This accelerated the 
search of the potent compounds from C^ ssjLa nodosa. 
A survey of the literature showed the isolation of 
4 5 
5-0-a-L-rhamnopyranosyl velutin and Kaempferol from the 
seeds of Cassia nodosa. 
The present discussion deals with the isolation and 
characterization of a new 2*,4',5,7-tetrahydroxy-6-C-a-L-rha-
mnosyl (l—>2)p-D-glucopyranosylisoflavone along with Quer-
cetin, dihydrokaempferol-3-rhamnoside, Kaempferol-3-rhamnoside^ 
Quercetin-3-rhamnoside, 8-C-glucosyl genistein and dalpanitin 
from the flowers of Cassi^ nodosa. 
The flowers were collected from the Botanical graden, 
A.M.U. Aligarh. The dried and powdered flowers were thorou-
ghly extracted with petroleum ether (60-80°), benzene and 
101 
methanol successively. The petrol and benzene concentrates 
showed the presence of yellow oil of fatty nature and was not 
further examined. 
The methanol concentrates gave positive tests for the 
presence of flavonoids. On TLC examination it showed five 
major and two minor spots in chloroform:methanol:water 
(35il3:2) and ethylacetate : ethylmethyl ketone : acetic acid j 
Water (5:3:1:1) mixtures but when T.E.F, and B.P.F. were used 
as solvent systems only two spots, one minor and ope major 
were visible leaving sufficient amount at the base, which 
indicated the presence of glycosides. After preliminary puri-
fication, the complex mixture was separated by preparative TLQ 
(silica gel) using EtOAc : EtMeCO : AcOH : HJi (5:3:1:1) as 
solvents systems. The seven zones on TLC plates were carefully 
marked under UV light and labelled as CN-1, CN-2, CN-3, CN-4, 
CN-5, CN-6 and CN-7. All the above seven bands were carefully 
scrapped by means of nickel spatula and collected in seven 
beakers. 
ISOLATION OF CN-1 : 
The band CN-1 was eluted with ethylacetate. Recovery of 
the solvent left a yellow residue. The purity of the compound 
was further checked by TLC using BPF and TEF as the solvents 
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systems. It was crystallised from methanol as yellow needles, 
m.p. 313--314°C, on acetylation with acetic anhydride and pyri-
dine it gave an acetate, m.p. 194-95°C. The compound was 
found to be a flavanol as it gave a pink colour on reduction 
with magnessium and hydrochloric acid and a light yellow 
colour with Wilson boric acid reagent . Methylation of CN-l 
with methyl sulphate yielded a compound that melted at 151-52°C 
and showed no depression in melting point on admixing with an 
authentic sample of pentamethylether of quercetin. CN-1 was 
characterized as quercetin (l) by melting point . and mixed 
melting points with an authentic sample of quercetin and its 
derivatives. Further confirmation to its identity was furni-
shed by ferric reaction, R^ value, co-chromatography and 
spectral studies. The ultraviolet and •'"H-NMR spectra of CN-1 
(I) were found to be identical with those of a standard 
sample . 
( I ) 
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The band CN-2 was eluted with methanol, recovery of the 
solvent left a «iolid mass, which on several crystallisations 
from methanol-chloroform yielded light yellow granular crystals 
m.p. 177-78°C. It responded to Molisch test after hydrolysis 
and by the formation of osazone confirming the glycosidic 
nature. The glycoside gave red colour with Mg/HCl and pink 
colour on reduction with sodium amalgam followed by acidifica-
g 
tion indicating it to be flavanone or 3-substituted flavanol . 
The possibility of its being a flavanone glycoside was ruled 
9 
out as it gave a yellow colour with Wilson boric acid reagent . 
The spot of the compound appeared deep purple under UV light 
which turned yellow on exposing to ammonia vapours, further 
supporting the S-substituted nature of the flavanol. 
The analysis of functional groups revealed the presence 
of a,p-unsaturated >C=0 (1650), phenolic OH (3420) and a 
complex aromatic substitution pattern 1620, 1570, 1370, 1140, 
800 cm" , besides a strong band at 2950 cm" . The UV spectrum 
showed /\ JJ®^ ^ at 244 sh, 265 and 350 nm. The bathochromic 
shifts of 15 nm in NaOAc in band II, 50 nm with AICI3 and +42 
nm with NaOMe in band I (without a decrease in intensity) 
indicated the presence of 5, 7 and 4*-hydroxyls. 
Hydrolysis of the glycoside with 651^  HCl gave an aglycone 
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and a sugar. The aglycone was characterized as Kaempferol 
by m.p. 280-81°C and mixed melting point with an authentic 
sample. Further confirmation of the identity of the agly-
cone was furnished by Co-TLC and spectral data . The sugar 
was identified as rhamnose by co-chromatography with an 
authentic sample. 
Acetylation of CN-2 with Ac20/Pyridine afforded hexa-
acetate. The H-NMR spectrum of the acetate (Table-l) exhi-
bited two meta coupled doublets at d 6.40 (J = 2.5Hz) and 
d 6.21 (J = 2.5H2), each integrating for one proton assigned 
to H-8 and H-6 respectively. It showed A^B^ pattern of B ring 
protons, ortho coupled doublets at d 7.80 (J = 9Hz) and d 6.89 
(J = 9Hz) were assignable to H-2\6' and H-3',5*. Total 
number of 18 protons were observed over the range of d 1.9 to 
2.44 attributed to six acetoxyls, comprising three aromatic 
acetoxyls and three aliphatic acetoxyls. The sugar protons 
were observed in the range of d 3.25 - 5.10 (m) accounted for 
four protons. The anomeric proton of rhamnose appeared at 
d 5.20 (d, J = 2Hz) and rhamnosyl methyl appeared at d 0,85 
(d, J = 6Hz), 
The partial methyl ether obtained on hydrolysis of the 
methylated glycoside was characterized by melting and mixed 
melting points as 5, 7,4*-trimethoxy kaempferol. The formation 
TABLE 
Assignments 
H-2\6« 
H-3',5' 
H-8 
H-6 
H-1'*(rhamnosyl). 
Sugar protons 
Aliphatic acetoxyls 
Aromatic acetoxyls 
- 1 
No. of 
Protons 
2 
2 
1 
1 
1 
4 
9 
9 
Signals 
7.80 (d, J = 9Hz) 
6.89 (d, J = 9Hz) 
6.40 (d, J = 2.5Hz) 
6.21 (d, J = 2.5Hz) 
5.20 (d, J = 2Hz) 
3.25 - 5.10 (m) 
1.9 - 2.12 (m) 
2.32, 2.34, 2.44 (each 
singlet) 
Rhamnose methyl 0.85 (d, J = 6Hz) 
s = singlet, d = doublet, m = multiplet, 
spectrum run in CDClo at 200 MHz, 
TMS being an internal standard, d scale. 
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of the above trimethylether of kaempferol proved the attach-
ment of the sugar residue at C-3 of the aglycone. 
The quantitative estimation of sugar by Somogyi's 
copper micromethod showed the presence of one mole of rha-" 
mnose per mole of aglycone. CN-2 was therefore, characterized 
as kaempferol 3-0-rhamnoside (II). 
0-rhamnose 
( II ) 
CN-3 : 
It was eluted from methanol, recovery of the solvent 
left a pale yellow solid, crystallised from methanol-chloro-
form as pale yellow granules, m.p. 177-78°C. The glycosidic 
nature of the compound was evidenced by the positive Molisch 
test obtained after hydrolysis and by the formation of an 
osazone. Positive tests with MgJHCl and sodium amalgam follo-
wed by acidification-*-^ ®and the visibility of the 
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chromatographic spot of CN-3 on paper under U.V. light which 
turned quite deep on fumiftg^  with ammonia indicated it to 
be a 3-substituted flavanone. 
Analysis of the functional groups revealed the presence 
of phenolic OH (3325 cm"'^), a,p-unsaturated ketone (1675 cm" ) 
and C-H (2965). The aromatic substitution pattern was exhi-
bited by bands at 825, 1020, 1120, 1214, 1270, 1365, 1416, 
1570 cm""-"-. The UV spectrum showed /\i x "^^  ^ 90 and 328(sh) 
nm. The bathochromic shifts with AlCl^, NaOAc and NaOMe 
indicated the presence of 5,7,4'-hydroxyIs. The acidic sta-
bility of AlCl^ complex and negative borate test ruled out the 
presence of o-dlhydroxyl grouping. Thus on the basis of 
colour reactions, IR and UV data with diagnostic shift rea-
gents, it appeared to be a 3-substituted flavanonol glycoside 
with free hydroxyls at 5,7,4«-positions. 
Hydrolysis of the glycoside with 6?^  HCl gave a sugar 
and an aglycone (Ilia). The aglycone formed tetraacetate 
derivative, m.p. 125-26°C and on sodium bisulphite oxidation 
gave kaempferol, m.p. 280-82°C. The aglycone was identified 
as dihydrokaempferol, m.p. 244-45°C (dec.) and the sugar as 
L-rhamnose by comparison with an authentic sample, . .R^  value,, 
co-chromatography and the formation of an osazone. The quan-
titative estimation of sugar by Somogyi*s copper micromethod 
showed the presence of one mole of rhamnose per mole of the 
aglycone. 
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The •'•H-NMR spectrum of the acetate of CN-3 in CDCI3 
(Table-2) showed a doublet at d 4.38 (J = IIH7), assigned to 
C-3 proton and another doublet at d 5,49 (J = llHz) assigned 
to C~2 proton. The H-NMR spectrum also indicating it to be 
a monoglycoside as it showed three aromatic acetoxyls inte-
grating for nine protons at d 2.34 - 2.45 and three aliphatic 
acetoxyls integrating for nine protons centred at d 1.9 - 2.12 
(m). The signals at a range of d 3.25 - 5.59 integrating for 
five protons represented the sugar protons. The 5,7-disub-
stitution of ring A was demonstrated by two meta^coupled 
doublets at d 6,35 (J = 2,5Hz) and d 6,90 (J = 2.5Hz), assi-
gned to C-6 and C-8 protons respectively. The two ortho 
coupled doublets at d 7.10 (j = 9.5Hz) and 7.69 (J = 9.5Hz) 
indicated the f<2^2 P^ '^ 'tei^ n of ring B assignable to H-2',6* 
and H-3%5' protons respectively. The aj^ omeric proton of 
rhamnose appeared at 6 4.17 (d, J = 2.0Hz). The rhamnosyl 
methyl appeared at d 1.01 (d, J = 6.5Hz). 
On the basis of the above results, CN-3 was characteri-
/ \ 14 
zed as dihydrokaempferol-3-O-a-L-rhamnoside (III; 
TABt 
Assignments 
H-2• , 6• 
H - 3 ' , 5 ' 
H-8 
H-6 
H-2 
H-3 
H - l " ( r h a i n n o s y l ) 
Sugar p ro tons 
OAc-4' 
OAc-7 
OAc-5 
3 - A l i p h a t i c ace toxy l s 
Rhamnosyl methyl 
No. of 
Pro tons 
2 
2 
1 
1 
1 
1 
1 
5 
3 
3 
3 
9 
3 
7 .69 
7 .10 
6.90 
6 .35 
5.49 
4 .38 
4 . 1 7 
3 .25 
2 .34 
2 .36 
2 .45 
1.9 -
1.01 
S igna l s 
(d, J = 9.5Hz) 
(d, J = 9.5Hz) 
(d, J = 2.5Hz) 
(d , J = 2o5Hz) 
(d, J = l lHz) 
(d, J = l lHz) 
(d, J = 2.0Hz) 
- 5 .59 (m) 
( s ) 
( s ) 
( s ) 
• 2 . 1 2 (m) 
(d, J = 6.5Hz) 
s = singlet, d = doublet, q = quartet, m = multiplet. 
Spectrum run in CDCl-j at 270 MHz, 
TA^ being as internal standard (d-scale). 
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RoO OR4 
( III ) 
(a) R, ^ R^ = Ro = R. = H 
(b) R, = R2 = R4 = H; R3 = rhamnose 
(c) R, = R2 = R^ = Ac; Rg = acetylated rhamnoside. 
CN-4 
The glycosidic nature of the compound (CN-4) was eviden-
ced by a positive Molisch test obtained after hydrolysis and 
by the formation of an osazone. The NMR spectrum of the ace-
tate (Table-3) showed four aromatic acetoxyls at d 2.52 - 2,9 
(m) and three alcoholic acetoxyls at d 1,9 to 2,21 (m) and an 
anomeric proton at d 5.40 (d, J = 2Hz) indicating it to be a 
rhamnoside. The glycoside gave positive tests with magnesium 
109 
TABLE 
Assignments 
H-6' 
H-2' 
H-5' 
H-8 
H-6 
H-1''(anomerlc 
Sugar protons 
Aromatic OAc 
(3\4',5,7) 
Aliphatic AOc 
protons) 
Rhamnosyl methyl 
No. pf 
Protons 
1 
1 
1 
1 
1 
1 
4 
12 
9 
3 
7.40 
7.20 
7.10 
6.70 
6.51 
5.40 
3.30 
2.52 
1.90 
0.86 
(q, 
(d, 
(d, 
(d, 
(d, 
(d, 
- 5 
- 2 
- 2 
Signals 
J = 2.1H2 and 9H2, 
J = 2.5Hz) 
J = 9Hz) 
J = 2.1Hz) 
J = 2.1Hz) 
J = 2Hz) 
.70 (m) 
.90 (m) 
.21 (m) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCI3 at 100 MHz and TMS being as internal standard (d-scale). 
and hydrochloric acid and with sodium amalgam followed by 
acidification , yellow colour with Wilson boric acid reagent' 
indicated it to be a 3-substituted flavanol®, CN-4 on hydro-
lysis gave an aglycone m.p. 312-14°C which was characterized 
as quercetin as described earlier. The sugar was found to be 
rhamnose by R^ value, co-chromatography and by the formation 
of osazone. 
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The position of the sugar residue in the glycoside was 
determined by the hydrolysis of the methylated glycoside. 
The partial methyl ether obtained was characterized by melting 
and mixed melting points with an authentic sample (m.p. 193°C) 
as 3*,4*,Sf^-tetramethoxy quercetin (IV). The formation of 
the tetramethyl ether of quercetin proved the attachment of 
the sugar residue at C-3 of the aglycone. 
The quantitative estimation of sugar by Somogyi's 
copper micro method showed the presence of one mole of rha-
mnose per mole of the aglycone. CN--4 was therefore charac-
terized as quercetin-3-rhamnoside^^ (V). 
OCH3 
( IV ) 
OCH, 
0-rhamn 
OCH-
( V ) 
Ill 
The compound CN-5 was crystallised from methanol-chloro-
form as yellow crystals, m.p. 310"-12 C, analysed for CgyHgQOj^^. 
It gave positive Molisch test, greenish brown colour with 
ferric chloride and red colour on reduction with sodium amalgam 
13 followed by a acidification . Its IR spectrum displayed strong 
absorption bands at 3340 (OH), 2950 (C-H), 1665 (C=0), 1640(C=C) 
and a broad band at 1100 - 1000 cm" suggesting its glycosidic 
nature. The IN spectrum showed the absorption maxima at 262 
287sh, 340 nm. The UV data with diagnostic reagents indi-
cated the presence of free hydroxyls at 5 and 7 positions. 
The colour reaction together with UV, IR spectra and a sharp 
singlet at d 8.1 ppm (Table-4) indicated the compound to be an 
isoflavone glycoside. 
Acidic hydrolysis of the glycoside (Via) with 0.4 M HCl 
(4 hours at 100°C) yielded L-rhamnose (identified by co-chro-
matography (PC) and GLC of trimethyl silylether) and a partial 
glycoside (Vila) which on prolonged hydrolysis failed to 
produce an aglycone. The C-glycosidic nature of the partial 
glycoside was evidenced by the presence of two absorption 
bands at 1011 and 1039 cm"""'- in IR spectrum and no change in UV 
spectrum. This leads to the suggestion that CN-5 was a C-gly-
coside with rhamnose present as the terminal sugar attached 
via an -0-linkage to the C-glycosidic residue. This was 
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17 
further confirmed by FeCl^ oxidation of the partial glyco-
side (Vila) which generated glucose (identified by co-chromato-
graphy PC and GLC of its trimethylsilyl derivative). The 
pyranose structure of glucose and'rhamnose was proved by peri-
odate oxidation of methylether of the glycoside (VIc). 
On boiling the partial glycoside (Vila) with hydroiodic 
18 
acid-phenol , deglycosidation occurred, the resulting product 
was identified as 2*-hydroxygenistein(VIII) by comparison with 
m.p. and spectral data (UV, IR, H-NMR and Mass) of the known 
19 
sample . It showed the same UV spectrum as the corresponding 
glycoside(VIIa) further supporting the C-glycosidic nature. 
Acetylation of the glycoside (Via) afforded deca-acetate 
derivative (Vib) m.p, 180°C analysed for C^j^^O^^f its •'"H-NMR 
spectrum (Fig. 1, Table-4) showed a singlet at d 8,1 ppm, 
characteristic of C-2 proton of isoflavone. The protons of 
B ring formed a pattern consisting of a downfield ortho-coupled 
doublet of one proton at d 7,9 (J = 9H2) assigned to H-6', 
while a multiplet centred at d 7,28 - 7.30 (J = 2,5H? and 9Hz) 
was attributed to H-3' and H-5'. A one proton singlet at 
d 6.85 corresponded to H-8 of A-ring. The signal over the 
range of d 3.21 - 5.62 integrating for twelve protons were 
attributed to rhamnosyl and glucosyl residues. The pyranosyl 
structure of glucose and rhamnose was confirmed by the appear-
ance of anomeric protons, H-1*• (glucose) at d 4.91 (d, J=iaiz) 
U3 
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and H-1"* (rhamnose) at d 4.45 (d, J = 1.5Hz;. The large 
coupling constant for H-1" (glucose) was due to trans-diaxial 
coupling with the proton at 2'»-position supported the C-p-D~ 
20 
glucopyranosyl residue . The coupling constant of H-1*** 
(rhamnose, J = 1.5Hz) showed equatorial - equatorial coupling 
of H-1**' with H-2" • (a-L-rhamnose), The rhamnosyl methyl 
appeared as a douolet at d 0.89 (J = 6.5Hz). Six aliphatic 
acetoxyls were centred at d 1.98 to 2.11 and four aromatic ace-
toxyls were observed in the range of 5 2.32 - 2.44, The 
characteristic signal of 6**-0Ac of glucose at d 1.98 suggested 
2la the attachment of sugar at C-6 position of the aglycone . 
22 This was further supported by positive Gibbs test and CD 
studies of the partial glycoside (Vila) which showed the 
+ve cotton effect at 269 nm. The spectrum did not exhibit any 
signal in the range d 1,70 - 1.83>characteristic of 2**-0Ac 
of glucose indicating thereby the attachment of rhamnosyl 
residue at 2*'-position of glucose ^ . It was further confir-
med by the identification of methylated sugars as 2,3,4-tri-O-
methyl-L-rhamnose and 3,4,6-tri-O-methyl-D-glucose. The mass 
spectrum of per methyl ether (PM) of the glycoside (Vie) 
showed a molecular ion peak at m/z 734 with virtual absence 
of M-15 and M-31 ions (showing the absence of 2**-0Me)^^, 
replaced by the ions [SO]"*" (m/z 545) and [s]"*" (m/z 529) deri-
ved from the elimination of a PM 2**-0-rhamnosyl residue with-
out and with the oxygen atom of the glycosidic bond respecti-
C VI ) 
(a) R=H 
(b) R=Ac 
(c) R =Me 
ROCH2 
. ( VII ) 
(a) R = H 
(b) R=Me 
HO 
( VIII ) 
114 
vely^ '*. The difference [M-S]"*" (m/z 205) identified rhamnose 
24 
as 2*'-O-glycosyl attached to 6-C~hexosyl moiety . This 
finally established the inter sugar linkage as (i—>2). 
Assignments 
H-2 
H-6' 
H - 3 S 5 ' 
H-8 
H - 1 " ( g l u ) 
H - 1 ' " (rham) 
Sugar p ro tons 
3 Aromatic aceto> 
6 A l i p h a t i c acetc 
Rhamnosyl methyl 
TABLE -
cyls 
)xyls 
4 
No. of 
Pro tpns 
1 
1 
2 
1 
1 
1 
12 
12 
18 
3 
S i g n a l s 
8 .1 ( s ) 
7 . 9 (d, J = 9Hz) 
7 . 2 8 - 7 . 3 0 (m, 
J = 2.5Hz and 9Hz) 
6 ,85 ( s ) 
4 . 9 1 (d, J = lOHz) 
4 . 4 5 (d, J = 1.5Hz) 
3 . 2 1 - 5.62 (m) 
2 .32 - 2 .44 (m) 
1.98 - 2 .11 (m) 
0 .89 (d, J = 6.5Hz) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCI3 at 400 MHz, standard value on d scale. 
In the mass spectrum of the acetylated glycoside (VIb) 
(Scheme-l) molecular ion as expected was not observed (pig^2). 
The loss of the terminal sugar from the acetylated glycoside 
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(VI b) was indicated by fragment ion (l) at m/z 742. The 
significant ions at m/z 7CX), 616, 574 indicated the successive 
loss of CH2=C=0, The presence of acetylated deoxyhexopyrano-
side and hexopyranoside was evidenced by the presence of frag-
ment ions at m/z 273 [rham (Ac)3] and at m/z 289 [glu(Ac)3] 
The characteristic fragment at m/z 299 (aglycone + CHg) and 
sequential loss of three water molecules, m/z 528, 510 and 492 
exhibited the glucosyl moiety at 6-position of the aglyconef ' 
The fragment ion at m/z 644 was due to the loss of CH2=C=0 and 
two carbonyls from partial glycoside (Vila). The loss of ace-
tylated disaccharide gave a fragment at m/z 454 which on 
successive loss of CH2=C=0 gave the fragments at m/z 412, 370, 
328 and 286 (aglycone). The RDA cleavage was facile and lead 
to the fragment ions at m/z 165 [A,"*"] and m/z 134 [B,"*"]. 
In •'•^C NMR spectrum of the glycoside (CN-5) (Table-5) a 
signal at 154,8 ppm was attributed to C-2 carbon of isoflavone 
nucleus. The C-8 appeared at 94.0 ppm. A downfield signal at 
109.1 ppm was assigned to C-6 carbon. The downfield shift 
relative to 99.0 ppm in 2'-hydroxygenistein^^ was due to gly-
cosylation at C-6 carbon, while the downfield shift of C-2" 
of glucose centred at 75.1 ppm was due to 1 — > 2 inter sugar 
linkage^®. 
Permethylation of the glycoside (Via) with (Mel/DMF/NaH) 
followed by acjdic hydrolysis with 0.4 M HCl gave the 
TAPLE ^ $ 
^^ C-NAtft Spectral data 
Carbon Chemical shift 
2 154.8 
3 122.4 
4 180.2 
5 161.8 
6 109.1 
7 164.1 
8 94.0 
9 157.6 
10 104.4 
1* 108.9 
2* 156.3 
3* 102.8 
4' 158.5 
5* 106.3 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-1 
C-6 
C-5 
6' 132.1 
,C-3"» 71.4 
75.1 
79.7 
,C-2"«,C-4"» 70.4 
81.8 
61.2 
100.3 
17.5 
68.2 
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methylated sugar and permethylated partial glycoside (Vllb). 
The methylated sugar was identified as 2,3,4~tri-0-methyl-L-
29 
rhamnose by SiOg, TLC and paper chromatography . The per-
methylated partial glycoside (Vllb) on FeCl^ aq. oxidation 
yielded 3,4,6-tri-0-methyl-^5-glucose (identified by Si02, TLC 
and paper chromatography) . 
Enzymatic hydrolysis of (Via) with diastase liberated 
only L-rhamnose indicating a-linkage of L-rhamnose with D-
glucose. 
On the basis of above results the glycosylisoflavone was 
identified as 2',4%5,7-tetrahydroxy-6rC-a-L-rhamnosyl (1—>2) 
p-D-glucopyranosylisoflavone (2*-hydroxygenistein-6-C-a-rha-
mnosyl (1—>2) glucopyranoside) named as nodosin (Via). To 
the best of our knowledge it has been reported for the first . 
time and its partial glycoside (Vila) also constitute the first 
report. 
CN-6 : 
It was crystallised with EtOH as yellow prismatic cry-
stals, m.p. 188-89°C, It analyzed for Cg^HgoOiQ ^"^ 9®^® ® 
positive Molisch test, a greenish brown colour with alcoholic 
FeCl^t a red colour with sodium amalgam followed by acidifi-
cation and no colour with Mg/HCl. The UV spectrum showed a 
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characteristic absorption maxima at 263, 2988h and 328 nm. 
The bathochromic shifts with sodium methoxide^ sodium acetate 
and aluminium chloride indicated the presence of phenolic hy-
droxyls at 7, 5 and 4' positions respectively. The colour 
reactions coupled with UV spectrum indicated the compound 
(CN-6) as an isoflavone glycoside. It was resistant to acidic 
hydrolysis suggesting its C-glycosidic nature. 
17 Sugar liberated by FeCl^ oxidation was identified as 
glucose (co-paper chromatography, formation of osazone). Py-
ranose structure of glucose was established by periodate oxi-
dation of its methyl ether (IXc) which consumed 2 moles of 
HIO^ yielding 1 mole of formic acid. Vigorous treatment with 
18 
hydroiodicacid-phenol gave genistein (identified by compa-
rison of spectral data) with an authentic sample. 
The H-NMR spectra of CN-6 (Table-6) showed a typical 
A2B2 pattern for the B-ring protons exhibiting two doublets 
centred at d 6.78 (J = 9Hz) and d 7.32 (J = 9Hz) for H-3«,5* 
and H-2',6* protons respectively. Isoflavone nucleus was 
further supported by the presence of a one proton sharp sing-
let at 6 7,81, A singlet at d 6.15 integrating for one proton 
was assigned to H-6 to A ring. The sugar protons were obser-
ved in the range of d 3.23 - 4.82 while the anomeric proton 
H-1** (glu) resonates at d 4.73 (d, J = IOH2). The position 
Assignments 
H-2 
H-2',6* 
H-3*,5* 
H-6 
Anomeric prot( 
(H~l«« glu) 
Sugar protons 
4'-OH, 7-OH, • 
Dn 
TAPLE 
-5-OH 
- <& 
No. of 
protons 
1 
2 
2 
1 
' 
1 
7 
3 
7.81 
7.32 
6.78 
6.15 
4.73 
3.23 
9.7, 
Signals 
(s) 
(d, J = 9Hz; 
(d, J = 9Hz) 
Cs; 
(d, J *= lOHz) 
- 4.82 (m) 
10.48, 13.21 (s) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
DMSO-d , TMS being as internal standard (d scale) 
TABLE « 7 
H-2 
H-2',6' 
H-3«,5' 
H-6 
Aromeric proton 
(H-1" glu) 
Sugar protons 
Aromatic -OAc (5,7,4*) 
4 Aliphatic acetoxyls 
1 
2 
2 
1 
1 
7 
9 
12 
8.01 
7.51 (d, J = 9H2) 
6.81 (d, J = 9Hz) 
6.21 (s) 
4.81 (d, J = lOHz) 
3.43 - 5.01 (m) 
2.32, 2.35, 2.41 (s) 
1.75 - 1.99 (m) •• 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCI3 at 400 MHz, TMS being as internal standard (d scale). 
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of sugar residue was confirmed by derivatization to its acetate 
(iXb) in which the signal for 2'•-OAc was found to be at d 1.75, 
characteristic of 8-glucosylflavones ^ (Table-?). This conclu-
22 
sion was further supported by -ve Gibbs test . Three exchange-
able broad singlets each integrating for one proton at d 9,7, 
10.48 and 13.21 represented the OH protons at 4 % 7 and 5 
positions. 
In the mass spectrum of CN-6 (Scheme-2) the M; peak as 
,21c The characteristic fragments expected was not observed' 
+ 
at m/z 283 (aglycone + CH2) and 312 (aglycone + CH^CH^O) fur-
ther supported the sugar moiety at C-8 position . The frag-
ment ion at m/z 270 corresponded to aglycone, PU)A fragments 
representing ring A and B were observed at m/z 194 [At] and at 
m/z 118 [By] respectively. On the basis of above data CN-6 
was identified as 8-C-glucosyl genistein^° (IXa), 
CH2OR 
(a) R = H (b) R = Ac (c) R = Me 
SCHEME ~ 2 
m/z 270 
CH2-CH=0 
m/z 283 
HC—C 
m/z 118 
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CN-7 : 
It was crystallized from methanol as yellow plates, m.p, 
213-214°C (dec). Elemental analysis agreed with the molecular 
formula ^22^22^11* ^* gave positive Molisch test and a green 
ferric colour. CN-7 on reduction with sodium amalgam followed 
by acidification with con. hydrochloric acid, / ' gave a pink 
colour but no colour on treatment with Mg/HCl. The colour 
reactions and UV spectrum [ Amax 211 nm, 266 and 290 (inf) nm] 
indicated it to be an isoflavone glycoside. 
The glycoside could not be hydrolysed even on prolonged 
heating with 7% aq. HCl indicating it to be a C~glycoside, 
further supported by the presence of two bands at 1010 and 
1038 cm" in IR spectrum. Keeping in view the C-glycosyl 
nature of CN-7, it was oxidised with aq, FeCl-. The sugar 
isolated was identified as glucose. 
CN-7 when boiled with hydroiodic acid in phenol, demethy-
lation as well as decomposition of the sugar moiety occurred, 
the resulting product was identified as orobol by m.p., m.m.p. 
co-chromatography and superimposable IR and UV spectra. The 
formation of orobol showed the presence of 3*,4*,5,7-tetra-
oxygenation pattern in CN-7. The 3*,4* oxygenation in B ring 
was further confirmed by the formation of veratric acid when 
CN-7 methyl ether was subjected to alkaline hydrogen peroxide 
oxidation. 
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The UV spectrum of CN-7 showed bathochromic shifts with 
aluminium chloride and sodium acetate respectively, indicating 
the presence of free hydroxyIs at 5 and 7 positions. Thus OMe 
group could be located only in the side phenyl ring either at 
3* or 4* position. The presence of OMe at 4* position was 
ruled out as it gave vanillic acid when hepta-acetate of CN-7 
(Xb) was oxidised by potassium permanganate. Thus OMe was 
placed at 3'-position. 
The NMR spectrum of heptaacetate (Xb) of CN-7 Uable-S; 
indicated it to be a 8-C-glucoside. Two one proton singlets 
at d 8.21 and 6.35 were assigned to the protons at 2 and 6 
positions respectively. The three B ring protons showed a 
typical ABX splitting pattern, signals at d 7,12 (d, J = 2Hz) 
d 6.83 (d, J = 8.5Hz) and d 8.00 (q, J = 2H2 and 8.5Hz), were 
assigned to 2',5' and 6* positions respectively. A three 
protons singlet at d 3.81 was accounted for one OMe group. 
The singlet over the range of d 3.25 to 5.30 integrated rou-
ghly for seven protons of the glucosyl residue. In this range, 
one proton doublet centred at d 4,72 (J = lOHz) was assigned 
to the proton at 1''-position. The aliphatic acetoxyls were 
observed in the region d 1,72 to 2.08, The characteristic 
signal for 2"-OAc at d 1,72 indicated the presence of gluco-
syl moiety at 8-position of the aglycone, further supported 
TABLE ~ 8 
Assignments No. of 
Protons 
Signals 
H-2 
H-6' 
H-2* 
H-5' 
H-6 
Anomeric proton 
(H-l" glu; 
Sugar protons 
-OCH3 
0Ac~5 
OAc-7 
OAc-4' 
OAc-4" and 3 " 
OAc-6'• 
0Ac-2«' 
1 
1 
1 
1 
1 
1 
7 
3 
3 
3 
3 
6 
3 
3 
8.21 
8.00 
7.12 
6.83 
6.35 
4.72 
3.25 
3.82 
2.43 
2,38 
2.33 
2.08 
2.04 
1.72 
(s) 
(q, J = 2Hz and 8.5Hz) 
(d, J = 2H2) 
(d, J = 8.5Hz) 
( s ; 
(d, J = IOH2) 
- 5.30 (h>) 
(s) 
( s ; 
(s; 
(s) 
Cs) 
(s) 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCI3 at 400 MHz. TMS being as internal standard (d scale). 
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by -ve Gibbs test . The aromatic acetoxyls appeared over 
the range of d 2.33 to 2.43. 
In the mass spectrum of CN-7 the M. as expected, was 
not observed, the characteristic fragment ions at m/z 342 and 
313 indicated the attachment of sugar moiety at 8-position, 
The other fragments are rationalized in Scheme-3. 
In the light of the above observation the CN-7 was 
characterized as dalpanitin (d-C-p-D-glucopyranosyl-3-OMe-4*, 
5,7-trihydroxy isoflavone r-" (Xa). 
CH2OR 
(a) R = R« = H (b) R = R' = Ac (c) R = Me, R» = Ac 
SCHEME - 3 
m/z 148 

Extraction of the flowers of Cassia nodosa (Leguminosae) : 
Dried and powdered flowers (2 kg), procured from A.M.U. 
Campus, Aligarh, India, were exhaustively extracted successi-
vely with petroleum ether (40-60°) and benzene to remove chlo-
rophyll and waxy material. The petrol and benzene exhausted 
leaves were refluxed with methanol till the extract was almost 
colourless. The combined methanol extracts were concentrated 
first at atmospheric pressure and then under reduced pressure 
over steam bath. A dark green gummy mass was obtained which 
responded to usual colour tests for flavonoids. 
After preliminary purification by column chromatography 
the complexity of the flavonoidic mixture was examined by TLC 
using the following solvent systems : 
(a) Toluene : Ethylformate : Formic acid (TEF, 5:4:1) 
(b) Toluene : Pyridine : Acetic acid (TPA, 10:i:l) 
(c) Benzene : Methanol t Acetic acid (BM, 45:10:8) 
(d; Ethylacetate : Ethylmethylketone : Acetic Acid : Water 
(20:3:1:1),' (5:3:1:1). 
(e) Chloroform : Methanol : Water (35:13:2) 
In the solvents system EtOAc:EtMeCO:AcOH:H20 (5:3:1:1) 
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the mixture showed seven compact spots under UV light, with 
marked difference in their R^ values, hence a system of choice 
for quantitative separation of the compounds. 
The methanolic solution of the flavonoidic mixture was 
applied to silica gel coated (0,5 mm in thickness) plates with 
the help of mechanical applicator (Desaga, Heidelberg), 2 cm 
from the lower edge of th© plates* Th© plates were developed 
with EtOAcxEtMeCOtAcOHtHgO (5:3:Itl) as solvent system. The 
position of the bands were marked under UV light. The marked 
pigment zones were scraped with the help of a nickel spatula 
and collected in separate beakers. Each band was eluted with 
methanol. Homogeneity of the pigments was again checked by 
TLC using different solvent systems. The fractions thus obtai-
ned were labelled as CN-1 (90 mg), CN~2 (350 mg), CN-3 (430 mg) 
Cl^ -4 (450 mg), CN-5 (450 mg), CN-6 (350 mg) and CN-7 (300 mg). 
CN-] 
It was crystallised from methanol as microscopic yellow 
needles, m.p, 313-314°C, 
Analysed for CJ^P^H,QO^ 
Calcd t C, 59.«{), H, 3.31% 
Found : C, 59.62, H, 3.335^ , 
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UV data with shifts reagents >\,-^  nm 
MeOH 256, 270sh, 301sh, 372 
NaOMe 247sh, 321 
AICI3 274, 304, 334, 458 
AICI3/HCI 264, 358, 427 
NaOAc 257, 274, 329, 390 
NaOAc/HgBOg 264, 303sh, 389 
Acetvlation : 
CN-1 (40 mg>, acetic anhydride (l ml) and dry pyridine 
(.5 ml) were heated on a water bath for 2 hours. On usual 
workup and crystallisation from chloroform-methanol it gave 
colourless needles, m.p. 194-95°C, 
-'•H-NMR (CDCI3, 100 mz) Values on 5 scale : 
7.73 (IH, d, J = 2.5Hz, H-2'), 7.65 (IH, q, J^^ = 2.5Hz 
and J^ = 8.5Hz, H-6'), 7.28 (IH, d, J = 8.5Hz H-5'), 
7.08 (IH, d, J = 2.5Hz, H-8), 6.80 (IH, d, J = 2.5Hz, 
H-6), 2.42 (3H, s, OAc), 2.32 (12H, m, 4xOAc). 
citz 
It was crystallised from chloroform-methanol as yellow 
granular crystals, m.p, 177-78°C, It gave positive Molisch 
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test and brown colour with alcoholic ferric chloride, 
X IV data with shift reagents /i^ iax ""* * 
MeOH 244sh, 265, 350 
NaOMe 279, 300, 392 
AICI3 265, 386sh, 400 
AICI3/HCI 266, 386, 400 
NaOAc 259, 369 
NaOAc/H3B03 255, 311sh, 368 
3420 (OH), 2950, 1650 (C=0), 1620, 1570, 1370, 1140, 
800 complex aromatic substitution pattern, 
Acetvlation of CN-2 : 
Acetic anhydride (3 ml) was added to pyridine (1,5 ml) 
solution of CN-2 (20 mg). The mixture was left for 24 hours 
at room temperature and then heated on a steam bath for two 
hours. After usual work up, the solid was crystallised from 
methanol-chloroform mixture as colourless needles, m,p, 
159-60°C, 
•^ H-NMR (CDCl^) : Values on d scale 
7,80 (2H, d, J = 9Hz, H-2«, H-6»), 6.89 (2H, d, J = 9Hz 
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H-3', H-5«), 6.40 (IH, d, J = 2.5Hz, H-S), 6.21 (IH, d, 
J = 2o5Hz, H-6), 5.20 (IH, d, J = 2Hz, H-1** rhamnosyl), 
3.25 - 5.10 (4H, m, sugar protons), 2.32, 2.34, 2.44 
(9H, each singlet, aromatic acetoxyls), 1.9 - 2.12 (9H, 
m, aliphatic acetoxyls), 0.85 (3H, d, J = 6Hz, rhamnosyl 
methyl). 
Acid hydrolysis of CN-2 t 
The glycoside CN-2 (150 mg) was hydrolysed by heating it 
with 8JI» HCl, on a water bath for 2 hours. The mixture was left 
over night. The aglycone thus separated out was filtered 
washed well with distilled water and dried. The crude product 
on crystallisation from methanol gave yellow needles, m.p. 
280-81°C. 
Analysed for C,^H,QO-
Calcd : C, 62»93, H, 3.48?^  
Found : C, 62.95 H, 3.49?g 
UV data with shift I'^ aQ^ nts /v._3j. nm ; 
MeOH 250sh, 266, 365 
NaOMe 278, 320, 420 (Dec) 
AICI3 265, 270, 345, 428 
AICI3/HCI 269, 270, 345, 428 
NaOAc 274, 303, 387 
NaOAc/HgBO^ 269, 297, 320sh, 385 
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Acetvlation of the aalvcone : 
The aglycone (30 mg) was heated with pyridine (1 ml) and 
Ac 0 (2 ml) on a water bath for 2 hours. After usual work up 
it gave cream coloured needles, m.p. 180-82 C. 
Analysed for C23H-]^ gOj^ Q'. 
Calcd. : C, 60.79, H, 3.96?^  
Found I C, 60.75, H, 3.98?^  
H^-NA4R of the acetate (CDCl^, 100 MHz) values on d scale : 
8.25 C2H, d, J = 9Hz, H-2',6*), 7.19 (2H, d, J = 9Hz, 
H-3\5'), 6.85 (IH, d, J = 2.5Hz, H-8), 6.62 (IH, d, 
J = 2.5Hz, H-6), 2.34-2.45f (12H, m, OAc-5, 7, 3, 4*). 
Identification of the sugar : 
The acidic filtrate, left after filtering the aglycone 
was extracted with ether and then with ethylacetate to ensure 
the complete removal of any residual aglycone. The solution 
was concentrated to a syrup in vacuum over NaW pellets. The 
concentration was continued till the syrup was neutral to lit-
mus paper. The syrup was chromatographed on Whatman No. 1 
filter paper using butanoliacetic acid:water (4:1:5) and 
butanol:water:ethanol (60:28.5:16.5) as solvent systems, employ-
ing descending technique. Authentic sugars were used as checks. 
The chromatograms were run for 24 hours and after drying, were 
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sprayed with aniline pthalate and p. anisidine phosphate solu-
tions. The chromatograms on drying at 100-105° showed the 
presence of rhamnose only. 
The quantitative estimation of sugar by Somogyi's copper 
micro method gave the value (.44 ml) which corresponded to 
1 mole of sugar per mole of aglycone. 
Location of the sugar position : 
Glycoside (40 mg) was dissolved in dry acetone and reflu-
xed with dimethyl sulphate (1 ml) and ignited potassium carbo-
nate (1 gm) for 36 hours on a water bath. The mixture was 
cooled and filtered, the residue was washed with hot acetone. 
The washing and the filtrate were combined and evaporated to 
dryness. The reddish brown oily residue left behind was washed 
by hot petrol to remove the excess of dimethyl sulphate. Repe-
ated attempts to crystallise the semi-solid mass proved fruit-
less. It was, therefore, directly hydrolysed by heating with 
7% H^SO^ for two hours on a steam bath. The reaction mixture 
was left over night. A faintly yellowish solid separated out. 
It Was crystallised from methanol as very light yellow needles, 
m.p. 159°C. 
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On several crystallisations from chloroform-methanol, it 
gave yellow microscopic crystals, m.p. 177-78 C. It gave red 
colour with Mg/HCl and a brownish yellow colour with sodium 
amalgam followed by acidification with Cone. HCl. 
UV data with shift reagent /\[«ax ""^  
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/HgBO^ 
^«'^ III » - ' 
290, 
248, 
278, 
270, 
283, 
294, 
328sh 
327 
329, 384sh 
314, 380 
329 
338 
3325 (OH), 1675 (C=0, a,p,unsaturated), 2965 (C-H), 825 
1020, 1120, 1214, 1270, 1365, 1416, 1570 for anomatic 
substitution pattern . 
Acetylation of CN-3 : 
CN-3 (30 mg) was acetylated by heating it with pyridine 
(.5 ml) and acetic anhydride (1 ml). After usual work up, it 
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was crystallised from chloroform-methanol as colourless need-
les, m.p. 150 C. 
•^ H-NMR (CDCI3, 270 MHz) value on d scale : 
7.69 (2H, d, J = 9.5Hz, H-2',6'), 7.10 (2H, d, J = 9.5Hz, 
H-3',5'), 6.90 (IH, d, J = 2.5Hz, H-8), 6.35 (IH, d, J = 
2.5Hz, H-6), 5.49 (IH, d, J = llHz, H-2), 4.38 (IH, d, 
J = llHz, H-3), 4.17 (IH, d, J = 2.0Hz, H-l*« rhamnosyl), 
3.25-5.59 (5H, m, sugar protons), 1.9-2.12 (9H, m, ali-
phatic acetoxyls), 2.34, 2.36, 2.45 (9H, aromatic aceto-
xyl), 1.01 (3H, d, J = 6.5Hz, rhamnosyl methyl). 
Hydrolysis of CN-3 : 
CN-3 (200 mg) was hydrolysed by heating with 1% aq. HCl 
for 2 hours at 100°C. The reaction mixture was then worked up 
as described earlier. The ethylacetate soluble portion gave 
an aglycone, m.p. 244-45°C, characterised as dihydrokaempferol 
by spectral and chromatographic comparison with an authentic 
sample. 
Analysed for ^y^yP^ 
Calcd. : C, 62.50, H, A,lt% 
Found : C, 62.46, H, 4.18?^  
131 
UV data with shi f t reagents A^^v """ * 
ma A 
MeOH 290, 328sh 
NaOMe 245, 324 
AICI3 273sh, 315, 381 
AICI3/HCI 281sh, 311, 376 
NaOAc 254sh, 284sh, 327 
NaOAc/H3B03 296, 336sh 
•^ H-NMR (003)^00, 100 MHz) ; Values on d-scale : 
7.35 UH, d, J e 8.5Hz, H~2«,6'), 6.95 (2H, d, J = 8.5Hz, 
H-3*,5'), 6.15 (IH, d, J = 2,5Hz, H-8), 5.95 (IH, d, 
J = 2.5Hz, H-6), 5.00 (IH, d, J = llHz, H-2), 4.15 (IH, 
d, J = llHz, H-3). 
I d e n t i f i c a t i o n of sugar : 
Chromatographic ana lys i s of the aqueous hydrolysate on 
Whatman No. 1 paper in n-butanol :ace t ic acid:water ( 4 i l : 5 ) 
and n-butanol :water :e thanol (80:28.5:16.5) using authent ic 
sugars as checks, showed the presence of rhamnose only. 
The quan t i t a t i ve est imation of sugar by Somogyi's copper 
micro method gave the value (.44 ml) which corresponded to one 
mole of sugar per mole of aglycone. 
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Acetvlation of the aalvcone : 
The aglycone (20 rag) was acetylated with Ac^O and pyri-
dine as described earlier. The acetate was crystallised from 
chloroform-methanol as colourless needles (14 mg) m.p. 125-26°C. 
De^iydrogenation of the aglycone of CN-3 : 
A solution of the aglycone (50 mg) in DMSO (l ml), two 
drops of cone. H2S0^ and a small crystal of iodine were heated 
at 120 C for half an hour. The mixture after cooling, was 
poured over crushed ice and left overnight at room temperature. 
The solid separated was filtered, washed with water and dried. 
It was crystallised from aqueous ethanol as yellow needles 
(20 mg), m.p. 280-82°C, showed no depression in melting point 
when admixture with an authentic sample of kaempferol. 
CN~4 : 
CN-4 on several crystallisation from methanol gave yellow 
microscopic needles, m.p. 186-87°C. 
Analysed for C:2IH2QOJ^, 
Calcd. I C, 56.25, H, 4.46?^  
Found : C, 56.29, H, 4.433^  
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UV data with shitt reagents,/y. nm : 
MeOH 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/H3B03 
Hydrolysis of CN-± : 
256, 
279, 
274, 
278, 
259, 
264sh, 
303s h. 
309sh, 
305sh. 
301sh, 
300sh, 355 
335, 430 
360 
370 
367 
The glycoside, CN-4 (50 mg) was hydrolysed be heating it 
with 125 ml of 0«6 N hydrochloric acid on a water bath. The 
hydrolysis appeared to be completed withih-; a-few minutes. 
The heating was continued for two hours to ensure complete 
hydrolysis. After leaving over night, the yellow aglycone thus 
separated out was filtered, washed well with water and dried. 
The crude product crystallised from methanol as yellow needles, 
m.p. 312-14°C. It showed no depression in melting point on 
admixture with an authentic sample of quercetin. Its identity 
as quercetin was further confirmed by co-chromatography, 
colour reactions, UV, H-NMR spectra. 
Analysed for C,-H,QO~ 
Calcd. : C, 59.60, H, 3.31?^  
Found : C, 59.54, H, 3.29%. 
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Aretvlation of CN-4 $ 
CN-4 (40 mg) was acetylated by heating it with pyridine 
(2 ml) and acetic anhydride (l ml). After usual work up, It 
was crystallised from chloroform-methanol as colourless need-
les, m.p. 302-03°C. 
^H-NMR (CDCI3, IQQ ^ ^^ ^ scale : 
7.40 (IH, q, J = 2.1Hz and 9Hz, H-6*), 7.20 (IH, d, 
J = 2.5Hz, H-2*;, 7.10 (IH, d, J = 9Hz, H-5*), 6.70 (IH, 
d, J = 2.1Hz, H-8), 6.51 (IH, d, J = 2.1Hz, H-6'), 5.40 
(IH, d, J = 2Hz, H-1"), 3.30-5.70 (sugar protons, m, 
H-2««,3««,4*',5'*), 2.52-2.90 (12H, m, OAc-3',4',5,7), 
1.90-2.21 (9H, m, OAc-allphatlc), 0.86 (3H, d, J = 6.5Hz, 
rhamnosyl methyl). 
Identification of sugar : 
The neutral aqueous hydrolysate was examined by paper 
chromatography employing n-butanolcHOActH^O as developing 
solvent and using authentic sugars as checks. The chromato-
grams were sprayed with aniline pthalate and p-anlsldlne 
phosphate solutions. The chromatograms on drying at 100-105°, 
showed the presence of rhamnose only (R^ . 0.36), further con-
firmed by osazone formation, L-rhamnosazone, m.p. 184-85°C 
(a)^^ + 47.6 (Me2C0). 
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Somogyi's copper micro method gave the value (0,44 ml) 
which corresponded to one mole of sugar per mole of the agly-
cone. 
Location of the sugar position : 
A suspension of finely powdered glycoside (20 mg) in 
anhydrous acetone (40 ml) with dimethyl sulphate (1.0 ml) and 
ignited potassium carbonate (.5 gm) was refluxed for 48 hours 
with frequent shaking. After usual work up, a light yellow 
solid was obtained which could not be crystallised. It was 
directly hydrolysed by refluxing with 1% aq. H2S0^, The 
reaction mixture was cooled in an ice bath when a solid sepa-
rated out. It was crystallised from methanol as light yellow 
needles, m,p. 193°. A mixture of this ether with 3',4',3,5-
tetramethylquercetin showed no depression in melting, point. 
Analysed for ^I9HJ,Q07 
Calcd. : C, 63.68, H, 5.02?^  
Found : C, 63.59, H, 4.913^  
£N=a 
It was crystallised from methanol as yellow granular cry-
stals, m.p. 310-12°C. 
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Analysed fox C27H20^15 
Calcd. J C, 54.5, H, 5.05?^  
Found : C, 54.6, H, 5.04?^  
UV data with shi f t r e a g e n t s : /\mav ""^  • 
MeOH 262, 287sh, 340 
NaOMe 275, 322 
AICI3 273, 309, 379 
AICI3/HCI 273, 310, 379 
NaOAc 271, 332 
IR :}; cm 
3340 (OH), 2950 (C-H), 1665 (C=0), 1640 (C=C) and 
1100-1000 (glycoside). 
-'"H-NMR (400 MHz, DMSO-d.), d scale : 
,—_-_ fi__ 
8.0 (IH, s, H-2), 7.7 (IH, d, J = 9Hz, H-6'), 7.21-7.25 
(2H, m, J = 2.5Hz and 9Hz, H-3«,5'), 6.82 (IH, s, H-8), 
4.90 (IH, d, J = lOHz, H-1", glu), 4.42 (IH, d, J = 
1.5Hz, H-l'«', rham), 3.20-5.60 (12H, m, sugar protons), 
0.88 (3H, d, J = 6.5Hz, rhamnosyl CH^). 
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•^ ^C-NMR (100 MHz, DMSO-d J : 
17 .5 ( C - 6 ' " ; , 61 .2 ( C - 6 " ) , 68 .2 ( C - 5 ' " ) , 70 .4 ( C - 4 " , 
C - 2 " ' , C - 4 " ' ; , 71 .4 ( C - l * \ C - 3 ' " ) , 75 .1 ( C - 2 " ) , 79 .7 
( C - 3 " } , 81 .8 ( C - 5 " ; , 94 .0 (C-8) , 100.3 ( c - l " ' ) , 102.8 
( 0 - 3 * ; , 104.4 (C~10;, 106.3 ( C - 5 * j , 109.1 CC-6), 108.9 
CC-1*), 122.4 CC-3), 132.1 ( C - 6 ' ) , 154.8 (C-2) , 156.3 
( C - 2 ' ) , 157.6 (C-9) , 158.5 (C~4«), 161.8 (C-5) , 164 .1 
(C-7 ) , 180.2 ( C - 4 ) . 
Acetvlation of CN--5 : 
The g l y c o s i d e (30 mg) was heated with AC2O (3 ml) and 
p y r i d i n e ( 1 . 5 ml) a t 100°C f o r 3 h o u r s . Usual work af forded 
d e c a - a c e t a t e (20 mg), c r y s t a l l i s e d wi th chloroform-methanol 
as c o l o u r l e s s c r y s t a l s , m.p . 180-82°C. 
Analysed fo r C^^H^QO^^ 
Calcd. : C, 55 .62 , H, 4.93?^ 
Found : C, 55 .60 , H, 4.8951^ 
•'-H-NMR (400 MHz, CDCI3) d s c a l e : 
8 .1 (IH, s , H-2) , 7 .9 (IH, d, J = 9Hz, H-6*), 7 . 2 8 - 7 . 3 0 
(2H, m, J = 2.5Hz and 9Hz, H - 3 ' , 5 ' ) , 6 .85 (IH, s , H-8) , 
4 . 9 1 (IH, d, J = lOHz, H - 1 " , g l u ) , 4 .45 (IH, d, J= i .5Hz, 
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H-1'", rhamn), 3.21-5.62 (12H, m, sugar protons), 2.32-
2.44 (12H, m, four aromatic acetoxyls), 1.98-2.11 (18H, 
m, six aliphatic acetoxyls), 0.89 (3H, d, J = 6.5Hz, 
rhamnosyl CH^). 
Mass TEIMS (70 eV)l : 
m/z (rel-intensity), Mt absent, 742 [M'*"-273]'^ , (3.8), 
700 [742-CH2=C=0]'^ (5.5), 616 [700 - 2xCH2=C=0]•*" (7), 
574 [616 - ^2=0=0]"^ (6), 546 [574 - CO]"^ (14), 528 
[546 - H^ O]"*" (13.5), 510 [528 - H20]"^ (18), 492 [ 510 -
H20]'*" (11), 454 [M-acetylated disaccharide]"^ (7.2), 412 
[454 - CH2=C=0]'*" (6), 370 [412 - CH2=C=0]'^ (12), 328 
[370 - CH^ =C=0]"*' (14), 286 [aglyconej"*" (9.6),299 [agly-
+ 
cone + CHg] (27), 289 [G1U(AC)3J'^ (10), 273 [rham(Ac)3]'^ 
(12), RDA fragments 165 [Aj^ ]"*" (5.8), 134 [B^]"^ (6.4). 
Acidic hydrolysis of CN-5 : 
The glycoside (100 mg) in 0.4M HCl (40 ml) was heated at 
100 c for 4 hours, cooled and extracted with n-butanol. The 
n-butanol extract on removal of the solvent yielded the par-
tial glycoside (70 mg) which on prolonged heating with .4M 
HCl failed to produce an aglycone. The partial glycoside was 
crystallised with methanol as yellow crystals (50 mg), m.p. 
289°C. 
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i« -V III ^--^ •• 
3338 (OH;, 1666 (C=0), 1645 (C=C) and two bands at 
1011 and 1039. (C-glycoside). 
UV data with shift reagents?/vjjf^ nm : 
MeOH 261, 286, 339 
NaOMe 274, 322 
AICI3 273, 308, 378 
AlCig/HCl 273, 309, 379 
NaOAc 270, 331 
The aqueous fraction obtained on hydrolysis of CN-5 was 
neutralised and concentrated to a small volume. Paper chro-
matographic examination (Whatman No. 1, butanol:acetic acid: 
water, 4:1:5 solvent system) showed the presence of the sugar 
as rhamnose. 
Oxidation of partial glycoside with FeCl^ : 
The partial glycoside (30 mg) was added to FeClo (3 gm 
in 10 ml of H2O) and heated at 115°C for 30 minute. After 
cooling and diluting with water, the dark coloured material 
was filtered off and the filtrate evaporated to dryness. The 
brown solid left behind was chromatographed over a silica gel 
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column using water as the eluant. The combined water extracts 
were concentrated under vacuum. The syrupy product, so obtai-
ned was subjected to paper chromatographic examination by the 
method described earlier. The sugar was identified as glucose 
(R^  0.18, n-butanoliHOAc?H20>, 4il:5). 
Action of hydrogen iodide on partial glycoside : 
A mixture of partial glycoside (30 mg), Phenol (680 mg) 
and HI (0,3 ml) was refluxed at 137 C for 7 hours. The reac-
tion mixture was cooled and poured into an aqueous solution of 
NaHSO^ with stirring. A brown substance separated out, it 
was filtered and crystallised from aqueous methanol as pale 
yellow crystals (15 mg). 
Analysed for C2J^H2Q0,, 
Calcd. : C, 56.25, H, 4.46?^  
Found : C, 56.21, H, 4.43^. 
UV d a t a with s h i f t r e a g e n t s y\^^^ nm « 
^ ^ 'max 
MeOH 261, 286sh, 340 
NaOMe 274, 320 
AICI3 272, 309, 378 
AICI3/HCI 273, 309, 378 
NaOAc 271, 331 
NaOAc/H^BO^ 271, 332 
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•^ H-NMR (400 MHz, DMSO-d^) value in d scale : 
8.05 (IH, s, H-2), 7.2 (IH, d, J = 9Hz, H-6«), 6.30-6.37 
(2H, m, J = 2.4Hz and 9Hz, H-3',5'), 6.35 (IH, s, H-8), 
6.20 (IH, s, H-6). 
Permethvlatlon and hydrolysis : 
Freshly ether washed, powdered^ sodiumhydride in DMF 
(1 ml) was added to the glycoside (80 mg) in DMF (1 ml), to 
this reaction mixture 10-15 drops of methyliodide (CH-jl) were 
added. The flask was sealed and left overnight. Excess of 
methyliodide was removed in vacuo, and water was added. Per-
methylether formed was isolated by extraction with ether and 
purified by PTLC (Benzene:Acetone, 4:1). The permethylated 
glycoside on hydrolysis with .4M HCl gave 2,3,4-tri-O-methyl-L-
rhamnos (identified by TLC Si02, Toluene:methanol , 4:1) and 
PC) and permethylated partial glycoside which on aq. FeCl^ 
oxidation yielded 3,4,6-tri-O-methyl-D-glucose (identified by 
TLC Si02). 
Periodate oxidation of glycoside methyl ether : 
The glycoside methylether (15 mg) was dissolved in MeOH 
(10 ml) and aq. NalO^ (.047N, 15 ml) was added to it. The 
mixture was allowed to stand at 20°C in dark for 24 hours. 
Solid NaHCO^ (2 gm) was then added followed by the addition of 
Na3AS02 (.05N, 25 ml). The resultant mixture was titrated 
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against I2 using soluble starch as indicator. One mole of 
methylether consumed 3.14 mole of peridoate with liberation 
of 1.12 mole of formic acid. 
CN-6 : 
It was crystallised from ethanol as yellow prismatic 
crystals, m.p. 188-89°C. It gave red colour with Na-Hg/HCl 
no colour with Mg/HCl and greenish colour with ferric chlo-
ride. 
Analysed for C2J^H2QOJ^Q 
Calcd.: C, 58.33, H, 4.62?^  
Found : C, 58.30, H, 4.58^ 
UV data with shift reagents; A^g^y. nm : 
MeOH 
NaOMe 
AICI3 
NaOAc 
IR :V KBr 
max 
cm -1 . 
• 
263, 
273, 
274, 
278, 
298sh, 328 
325 
313, 379 
338 
3410 (OH), 2945 (C-H), 1665 (C=0), 1640 (C=C), 1100-1000 
and 1039. 
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•"•H-NMR (400 MHz, DMSO-d.), d-scale : 
7.81 (IH, s, H-2), 7.32 (2H, d, J = 9Hz, H-2\6M, 6.78 
(2H, d, J = 9Hz, H-3',5«), 6.15 (IH, s, H-6), 4.73 (IH, 
d, J = lOHz, H-1'*, glu), 3,23-4.82 (4H, m, sugar protons), 
9.7, 10.40, 13.21 (3H, s each, OH-4',5,7). 
Acetvlation of CN-6 : 
The glycoside (30 mg) was heated with AC2O (2 ml) and 
pyridine (1,0 ml) at 100°C for 3 hours. After usual work up, 
it was crystallised from chloroform-methanol as colourless 
crystals, m.p. 126 C. 
•••H-NMR (400 MHz, CDCI3) d scale : 
8.01 (IH, s, H-2), 7.51 (2H, d, J = 9Hz, H-2\6'), 6.81 
(2H, d, J = 9Hz, H-3«,5»), 6,21 (IH, s, H-6), 4.81 (IH, 
d, J = lOHz, H-l'\ glu), 3.43-5.01 (4H, sugar protons), 
2.32, 2.35, 2.41 (9H, s each, OAc-5,7,4'), 1.75-1.99(12H, 
m, aliphatic acetoxyls). 
Mass (EIMS) i 
m/z (rel. intensity), Mt absent, 270 [M"*"-sugar moiety] 
+ 
(aglycone), 312 [aglycone + CH2CHO], 283 [aglycone + CH2 ]. 
RDA fragments, 194, 118. 
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Oxidation of CN-6 with aq. ^eCl^ : 
A mixture of CN-6 (50 mg) and f e r r i c chloride (4 gm in 
10 ml of H^O) was heated on o i l bath at 125°C for 6 hours. On 
usual work up the syrupy product, so obtained was subjected to 
paper chromatographic examination by the method described ear -
l i e r . The sugar was iden t i f i ed as glucose (R^ 0,18, n-butanoli 
H0Ac:H20,-j 4 :1 :5) , R^  O. i0(n-butanol :water :e thanol , 60 :28 ,5 : 
16.5) , 
Action of HI on CN-6 : 
The glycoside (50 mg).was refluxed with phenol (60 mg) and 
hydrogen iodide (1 ml) for 6 hours at 137°C, After work up as 
described earlier it gave a brown solid mass which was crysta-
llised from chloroform-methanol, m.p, 186-87°C, It was identi-
fied as genistein by m.p,, m.m.p, and superimposable IR and UV 
spectra with an authentic sample, 
Methvlation of CN-6 : 
The glycoside (25 mg) dissolved in dry acetone (50 ml) was 
refluxed with dimethyl sulphate (1 ml) and iginited potassium 
carbonate (10 g) for 10 hours. After usual work up, it was 
crystallised from chloroform-methanol as white needles (20 mg). 
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Periodate oxidation of the glycoside methvlether : 
The glycoside methylether was oxidised by periodate by 
the method described earlier. One mole of the glycoside methyl-
ether consumed 2 moles of periodate with liberation of 1 mole of 
formic acid. 
CN-7 
It was crystallised with MeOH as light yellow plates, 
m.p. 213-14°C (dec). 
Analysed for ^22922^11 
Calcd. : C, 57.14, H, 4.76?^  
Found : C, 57.09, H, 4.65?^  
UV data with shi 
MeOH 
AICI3 
NaOAc 
NaOAc/H3B03 
NaOMe 
IR dataV'^^'' *^ max 
ft reagent 
211, 
220, 
230, 
268, 
217, 
cm" : 
'' Anax ^^ 
266, 290 
277, 386 
278, 330 
290 
281, 331 
3450 br (OH), 1665 (conjugated carbonyl) , 1625, 1590, 
1530 (aromatic) , 1000-1010, 1038. 
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•^ H-NMR (DMSO-d^ at 400 MHz, d scale) : 
8.01 (IH, s, H-2), 7.12 (IH, q, J = 8.5Hz, H-6'), 7.0 
(IH, d, J = 2Hz, H-2'), 6.82 (IH, d, J = 8.5Hz, H-5'), 
6.33 (IH, s, H-6), 4.71 (IH, d, J = lOHz, H-1", glu), 
3.20-4.24 (6H, m, sugar protons), 3.79 (3H, s, OCH3), 
9.16 (br, s, 4'-0H, exchangeable), 10.43 (br, s, 7-OH, 
exchangeable), 13.22 (s, 5-OH, exchangeable). 
Mass m/z : 
MI absent, 444 [M'*"-H20] , (lOO), 426 [M"*"-2H20] (45), 408 
[M^-SH^O] (SO), 342 [aglycone + CHg-CHO]; 313 [aglycone + 
CH2](60), 300 (45), RDA fragments, 165 (7) and 148 (12.3). 
Acetvlatlon of CN-7 : 
The glycoside (10 mg) was heated with acetic anhydride 
(2 ml) and pyridine (1 ml) for 3 hours on a water bath. After 
usual work up, it was crystallised from chloroform-methanol 
as colourless crystals, m.p. 134°C. 
Analysed for C3^H3^0J^Q 
Calcd. : C, 57.14, H, 4.76?^  
Found : C, 57.10, H, 4.71?S 
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IR data;V ^ll cm-^ : 
1770 br, 1660, 1620, 1600, 1520, 1400, 1220 br, 1140, 
1060, 1045, 1010, 910. 
•^ H-NMR CCDCI3 at 400 MHz, d scale) : 
8.21 (IH, s, H-2), 8.00 (IH, q, J = 2Hz and 8.5Hz, H-6*), 
7.12 ^d, J = 2Hz, H-2'), 6.83 (d, J = 8.5Hz, H-5«;, 6.35 
CIH, s, H-6;, 4.72 (IH, d, J = lOHz, H-1"), 3.25-5.30 
(6H, m, sugar protons;, 3.82 (3H, s, OCH^), 2.43 (3H, s, 
OAc-5;, 2.38 (3H, s, OAc-7), 2.33 (3H, s, OAc-4'), 2.08 
(6H, s, 0Ac-3««,4««;, 2.04 C3H, s, 0Ac-6»«;, 1.72 (3H, s, 
OAc-2"}. 
Oxidation of glycoside with aq. FeCl^ J 
Tne glycoside (20 mg) was refluxed with FeCl^ (250 mg) 
and H2O on a sand bath for 6 hours. After usual work up, as 
described earlier the sugar was identified as glucose (R^ 0.18, 
n-butanol:HOAc:H20.; 4:1:5),(R^ 0.10jn-butanol:water:ethanol; 
60:28.5:16.5). 
Action of HI on CN-7 : 
The glycoside (25 mg) was refluxed with phenol (30 mg) 
and hydrogen iodide (1 ml) for 6 hours at 140°C. On usual 
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work up, a gununy mass was obtained. It was crystallised from 
aq. methanol as colourless plates (10 mg), m.p. 275°C. It was 
identified as orobol, IR, UV, spectra with authentic sample. 
Oxidation of the qlycoside-methylether ( Xc ) with alkaline 
hydrogen peroxide : 
The glycoside (20 mg) in dry acetone (50 ml) was refluxed 
with dimethyl sulphate (l ml) and iginited potassium carbonate 
(lO ml) for 12 hours. After usual work,up, the methylated pro-
duct obtained was oxidised with alkaline hydrogen peroxide, 
by the method described earlier. The product so obtained (m.p. 
179-80°C) was identified as 3,4-dimethoxy benzoic acid by m.m.p. 
and co-chromatography with an authentic sample. 
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